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A HISTOCHEMICAL STUDY OF BREAST CARCINOMA 


ALVAN G. FORAKER, M.D., Jacksonville, Florida 


MorE ACCURATE DELINEATION of the chem- 
ical as well as the microscopic characteristics 
of cancer cells is an essential step in further- 
ing our understanding of neoplasia. Micro- 
scopic examination of tissue sections is of 
utmost importance in daily diagnosis of can- 
cer and in planning treatment. However, 
such examination gives only limited infor- 
mation as to the chemical composition of the 
cancer cells or of their benign counterparts. 
Biochemical analyses of tumor specimens 
have revealed many interesting findings. 
However, any analysis involving tissue de- 
struction cannot localize the chemical sub- 
stances accurately within the tissues or cells. 
Further, the varying proportions of tumor, 
fibrous tissue, necrosis, secretion, and in- 
flammatory reaction in the samples cloud 
the interpretations of such chemical anal- 
yses. Histochemistry is a borderline field 
between histology and analytical chemistry 
or biochemistry. Its subject matter is the 
identification and localization of chemical 
substances in the tissues on a cytologic scale. 
It can transform descriptive sciences, such 
as pathologic anatomy, into dynamic and 
functional sciences, such as physiology and 
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biochemistry. Histochemistry is a young sci- 
ence, with numerous pitfalls. Although many 
substances can be localized accurately with- 
in cells and tissues, the amount of each sub- 
stance present can be estimated only very 
approximately. Even so, qualitative com- 
parison of the chemical properties of cancer 
cells with their benign counterparts can con- 
tribute greatly to our understanding of tu- 
mors. Such studies currently lie largely in 
the field of research but practical implica- 
tions are not far off. 

As a contribution to knowledge of breast 
carcinoma, tissue from 22 patients with car- 
cinoma of the breast and examples of normal 
breast tissue from the same or other pa- 
tients have been subjected to a battery of 
histochemical techniques. These (with their 
reasons for employment) are: 

1. Localization of sites of dehydrogenase 
activity. This enzyme activity has been said 
by Padykula to correlate with sites of active 
cellular function including growth. 

2. Localization of sites of phosphamidase 
activity. This enzyme has been found by 
Meyer and Weinmann in greater abundance 
in certain tumors than in their normal tissue 
counterparts. 

3. Alkaline phosphatase localization. This 
enzyme group is important in certain func- 
tions of many types of cells. 
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4. Protein bound sulfhydryl and disulfide 
group localization. Sulfhydryl groups are 
important in varied cell functions. Disulfide 
groups are frequently found in conjunction 
with sulfhydryl groups, but are particularly 
important in keratinization and in certain 
protein hormones. 

5. Glycogen localization. In squamous 
epithelium of the mucosa of the female 
genitalia, glycogen is found in maturing 
cells. Its potentialities as an index of matu- 
ration in breast epithelium seemed to call 
for its investigation. 

Using these techniques, carcinoma cells 
had in general less evidence of glycogen and 
of alkaline phosphatase activity than non- 
neoplastic cells, and somewhat greater evi- 
dence of phosphamidase activity. No sharp 
differences in the cytochemical properties of 
neoplastic and nonneoplastic cells were 
found. 


MATERIALS AND METHODS 


Twenty-two cases of breast carcinoma 
were studied. These consisted almost ex- 
clusively of the most common pattern of 
carcinoma of the breast (variously termed 
infiltrating duct carcinoma or adenocar- 
cinoma). In some areas, regions of intra- 
ductal carcinoma were combined with frank 
invasion. Portions of nonneoplastic breast 
tissue including examples of fibrocystic dis- 
ease from the same and from other cases 
were studied for comparison. 

For localization of succinic dehydrogenase 
activity, tissue blocks (3 mm. in thickness) 
were incubated anaerobically at 37 degrees 
C. for 1 hour in solutions containing 0.23 
per cent neotetrazolium, 0.81 per cent so- 
dium chloride, 0.03 mol sodium succinate 
and 0.09 mol phosphate buffer, pH 7.4 (17). 
Control blocks were incubated in a similar 
solution except that 0.03 mol sodium malo- 
nate was used instead of sodium succinate, 
to inhibit succinic dehydrogenase activity. 
Frozen sections (15 microns) were prepared. 

Tissue blocks were fixed in ice cold alco- 
hol, 1 per cent trichloracetic acid in alcohol, 
and in Rossman’s fluid. Sections (5 microns) 
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from the alcohol fixed blocks were processed 
to demonstrate alkaline phosphatase and 
phosphamidase. Sections (5 microns) from 
the trichloracetic acid-alcohol fixed blocks 
were processed 


to demonstrate protein ¥ 


bound sulfhydryl and disulfide groups. Sec- 7 


tions (5 microns) from the Rossman’s fluid 
fixed tissues were subjected to the periodic 
acid-Schiff technique for the demonstration 
of glycogen. Control sections were digested 
with malt diastase to remove glycogen. Sec- 


tions from all blocks were stained with | 


hematoxylin and eosin for comparison. 


RESULTS 


Sites of dehydrogenase activity were mani- 


fested in the tissues incubated in neotetra- } 


zolium by deposition of black formazan 
crystals and granules in the cytoplasm of the 
cells, or in certain instances by the presence 
of red microdroplets in the cells (7). Control 
sections incubated 


varying degree in the neoplastic cells (Fig. 


2b). All viable tumor cells contained some a 


ac PbS Sar 


in malonate solutions 7 
showed a much lesser reaction. Manifesta- J 
tion of dehydrogenase activity was found in © 


formazan deposition. In some large ducts | 


formazan deposition was heavier near the 
periphery of the tumor conformation than 
toward the center. Nonneoplastic duct and 


acinar epithelium (Fig. 1b) showed forma- | : 


zan deposition differing little from carci- 
noma cells in amount or distribution. When 
seen in the same section, and thus affording 
opportunity for valid comparison, in certain 
instances normal epithelium had _ heavier 
formazan deposition than immediately ad- 
jacent carcinoma cells. However, in other 
examples, no difference was found in the 
strength of the reaction as seen in normal or 
neoplastic epithelial cells. Inflammatory 
cells, blood vessels, and fibrous stroma re- 
vealed lesser evidence of dehydrogenase 
activity, in approximately this order. In 
some areas there was moderate red cyto- 
plasmic staining of fat cells. 

Carcinoma cells (Fig. 2c) reacted in gen- 
eral to the alkaline phosphatase technique 
by nuclear staining only. Nonneoplastic 
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Fic. 1. Fibrocystic disease of the breast. a, Hema- 
toxylin and eosin section. Although the ducts are some- 
what distorted by adjacent fibrosis, the cytologic pattern 
of nonneoplastic breast epithelium is defined. b, Neo- 
tetrazolium technique. Sites of dehydrogenase activity 
are indicated by deposition of black granules and crystals 
(formazan) in the cytoplasm of the cells. This deposition 
is heavy in the epithelial cells and very scant in the 


epithelium (Fig. 1d) had a moderate cyto- 
plasmic staining as well, usually more 
marked adjacent to the lumen. The usual 
alkaline phosphatase reaction was present 
in endothelium and in fibrous stroma. 

In most cases carcinoma cells reacted 
strongly to the phosphamidase technique 
(l igs. 2d and 3d). In general nonneoplastic 
epithelial cells gave a weaker reaction to 
‘is technique but this was not a constantly 
cemarcating feature, since some nonneo- 
) lastic epithelial cells reacted more strongly 


adjacent stroma. c, Sulfhydryl technique. The staining 
reaction for sulfhydryl groups is prominent in the cyto- 
plasm of the epithelial cells and much less marked in the 
stroma. d, Alkaline phosphatase (Gomori) technique. 
The nuclear staining is now considered an artefact. How- 
ever, there is also faint enzymatic staining of the cyto- 
plasm in the tips of the epithelial cells. Staining of 
capillary endothelium is moderate. All sections, X 225. 


than some carcinoma cells. Fibrous tissue 
and other structures had little reaction to 
this technique. 

All of the viable carcinoma cells showed 
moderate red-blue staining to the sulfhydryl 
technique, manifested principally in nucleoli 
and cytoplasm (Fig. 3c). The general 
strength and distribution of this staining 
reaction was essentially the same in neo- 
plastic and nonneoplastic (Fig. 1c) epithe- 
lium, and was not affected to any significant 
degree by the degree of differentiation of the 
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Fig. 2. Breast carcinoma. a, Hematoxylin and eosin 
section. b, Neotetrazolium technique. Dehydrogenase 
staining of cytoplasm of carcinoma cells is moderate. Less 
reaction is seen in adjacent stroma. c, Alkaline phospha- 
tase technique. Only nuclear (artefact) staining of car- 


tumor. Disulfide reaction was in general 
much weaker than sulfhydryl reaction, but 
the distribution was essentially the same. 
Fibrous stroma, blood vessels, and inflam- 
matory cells in general manifested a weaker 
sulfhydryl reaction than neoplastic or non- 
neoplastic epithelium. Little evidence of 
disulfide reaction was found in nonepithe- 
lial structures. 

Both neoplastic (Fig. 3a and b) and non- 
neoplastic epithelium showed areas of gly- 
cogen staining. In 11 of the cases moderate 
glycogen reaction was found in some portion 
of the carcinoma. In certain instances the 


cinoma cells is found, hence there is no evidence of 


alkaline phosphatase activity. The adjacent stroma has 
moderate staining. d, Phosphamidase technique. Con- 
siderable staining of cytoplasm and nucleoli of carcinoma 
cells, with little stromal reaction. All sections, 225. 


reaction was heavier in regions of intraduc- 
tal cellular proliferation (Fig. 3a) than in 
adjacent areas of frank invasion (Fig. 3b). 
When occurring in areas of intraductal neo- 
plasia, glycogen reaction tended to be heav- 
ier toward the periphery of the tumor mass 
than centrally toward the lumen (Fig. 3a). 
No correlation was found between the 
presence or absence of glycogen and the de- 
gree of differentiation of the tumor. It was 
found in some well differentiated carcinomas 
growing largely intraductally, and absent in 
others of similar pattern. Moderate glycogen 
staining was found in some areas of carci- 
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l'ic. 3. Breast carcinoma. a, Glycogen (periodic acid- 
Schiff with hematoxylin counterstain) technique. A re- 
gion of ductal conformation of the carcinoma is illus- 
trated. The dark granules evidencing glycogen are prom- 
inent in the deeper layers of epithelium and diminish 
toward the lumen. b, Glycogen technique. This field is 
adjacent to that seen in, a, but illustrates a region of 


nomas growing diffusely through fibrous 
stroma and was completely absent in other 
tuinors of closely corresponding pattern. In 
some instances heavier glycogen reaction 
Was found in normal ductal epithelium than 
in immediately adjacent carcinoma, but this 
wis not a constant finding. 


DI-CUSSION 


Lach technique employed in this investi- 
gition relates to chemical substances im- 
portant in certain properties of epithelial 
cc'ls, 
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active carcinomatous invasion of stroma. Only occasional 
cytoplasmic granules of glycogen staining are found. 
c, Sulfhydryl technique. Considerable cytoplasmic and 
less nucleolar sulfhydryl staining of the carcinoma cells. 
d, Phosphamidase technique. Moderate cytoplasmic and 
nucleolar staining of the carcinoma cells. All sections, 


X 225. 


Succinic dehydrogenase is an important 
link in the chain of enzymes which are re- 
sponsible for biologic oxidation. In the cur- 
rent investigation all epithelial cells showed 
considerable evidence of dehydrogenase ac- 
tivity. No particular correlation was found 
between the amount of formazan deposition 
in epithelial cells and the cell category, 
whether nonneoplastic, well differentiated 
carcinomatous, or anaplastic carcinomatous. 
Investigations by different workers have re- 
vealed some correlation of sites of dehydro- 
genase activity with sites of cell growth or 


active metabolism in various contexts. After 
studying the distribution of succinic dehy- 
drogenase in various tissues of the rat, 
Padykula stated that the distribution pattern 
suggests that this enzyme is present in great- 


est concentration within those portions of 


tissues and organs that show metabolic ca- 
pacity or are engaged in absorptive or secre- 
tory activity. There is considerable evidence 
to support the thesis that activity of this 
enzyme group is a good index of general 
cell activity, whether it is neoplastic (10) or 
physiologic (11) growth, hormone secretion 
(6), exocrine secretion (as in the endocervi- 
cal glands) (8) or absorption (as in foreign 
body giant cells) (9). However, the present 
study does little to substantiate this postula- 
tion as regards the breast. Our results are in 
essential agreement with those of Hsu and 
Hoch-Ligeti who reported that epithelial 
cells in carcinomas (including breast carci- 
noma) showed reactivity with tetrazolium 
salts sometimes weaker, sometimes stronger 
than in the surrounding normal epithelium. 
While all will concede that carcinomatous 
epithelium of the breast is growing, the spe- 
cific activity of nonlactating breast epithe- 
lium remains obscure and its rate of growth 
must be slow. This is only one of several 
phenomena which have led us to avoid a 
close correlation of the strength of histo- 
chemical evidence of dehydrogenase activ- 
ity with concepts of cellular function and 
growth. Another such is found in the sali- 
vary gland, where almost uniformly the 
acini, which are secreting, have lesser evi- 
dence of dehydrogenase activity than duct 
epithelium, whose need for rapid cellular 
metabolism is less apparent. 

Phosphatases are enzymes which hydro- 
lyze monophosphoric esters. Atkinson and 
Gusberg (2) found an inverse relationship 
between histologic tumor activity in endo- 
metrial carcinoma and alkaline phosphatase 
activily, suggesting that this enzyme picture 
is not a simple manifestation of growth. Four 
cases of carcinoma of human breast con- 
tained no phosphatase in the study of Kabat 
and Furth. Dempsey, Bunting, and Wislocki 
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described evidence of alkaline phosphatase 
activity in the mammary gland of the rat. 
However, in pregnancy and during lacta- 
tion, evidence of phosphatase activity de- 


clined in the epithelium. Both hypophysec- ff 
tomy and ovariectomy depress the activity 7 


of phosphatase in the mammary gland of the 
rat but do not abolish it. An elucidation of 
the meaning of these phenomena might in- 
crease our understanding of the effect of 
hormone therapy in breast carcinoma. Nor- 
mal epithelium in the present study showed 
slightly more cytoplasmic evidence of alka- 
line phosphatase activity than did carcinom- 
atous epithelium. The considerable endo- 
thelial reaction indicates that this paucity of 
epithelial activity is not a false negative re- 
sult. A considerable bulk of recent experi- 
mental work suggests that nuclear staining 
observed with the Gomori technique (used 
in this study) is due entirely to artefact. 
Phosphamidase is thought to be an en- 
zyme specific for hydrolyzing the bond be- 
tween nitrogen and phosphoric acid in phos- 
phoric acid substituted amides. Gomori 
observed large amounts of the enzyme in 
normal brain tissue and in malignant tumors 
of epithelial origin. Although it is our im- 
pression that in general phosphamidase re- 
action was stronger in carcinomatous than 
in nonneoplastic breast epithelium, the de- 
marcation was by no means clear cut. A 
somewhat similarly overlapping of strength 
of phosphamidase reaction of carcinoma cells 
and nonneoplastic epithelial cells from areas 
of growth was found in a comparable histo- 
chemical study of squamous carcinoma (5). 
Sulfhydryl groups are important in varied 
cell functions: in the coagulation of blood, 
in cell permeability, and in hormone syn- 
thesis and activity. In experimental studies 
it has often been found that the sulfhydry! 
group content of tumor tissues is greater thar 
in nontumorous tissue. We found no signifi 
cant difference in sulfhydryl reaction in neo 
plastic and nonneoplastic epithelium of the 
breast. In squamous epithelium, disulfide 
reaction is heavy in regions of keratinization 
We found a rather weak disulfide reaction 
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in oth neoplastic and nonneoplastic breast 
epithelial cells. This concurrence of sulfhy- 
dr} and disulfide reaction is not unexpected, 
since these groups provide an intracellular 
oxidation-reduction system in many tissues. 

Glycogen is associated with cell matura- 
tion in squamous mucosa, especially of the 
female genital tract. However, we have ob- 
served glycogen in maturing cells of well dif- 
ferentiated squamous carcinoma of mucosal 
(4) and epidermal (5) origin. Glycogen was 
found somewhat more uniformly in nonneo- 
plastic epithelium of the breast in the present 
study. However, considerable glycogen stain- 
ing was found in some poorly differentiated 
carcinomas and it could not be used as an 
index of differentiation. A comparable find- 
ing of glycogen in certain examples of poorly 
differentiated endometrial carcinoma has 
been reported by Atkinson and associates 
(1). In a case of squamous carcinoma of 
Bartholin’s gland, Denham and Foraker (4) 
found inverse patterns of distribution of gly- 
cogen and dehydrogenase activity. Glycogen 
deposition was found increasing toward the 
centers of neoplastic masses, with “‘matura- 
tion” of the squamous carcinoma cells. De- 
hydrogenase activity diminished toward the 
centers of the tumor masses. No such corre- 
lation has been found in breast carcinoma. 
In some of the ‘‘intraductal’’ tumor masses, 
both glycogen and dehydrogenase activity 
were most prominent at the periphery, di- 
minishing toward the ‘“‘lumen.” Elsewhere 
glycogen and evidence of dehydrogenase ac- 
tivity occurred in carcinomatous and non- 
neoplastic cells. 

It is apparent that none of the histochemi- 
cal techniques employed in this study gave 
sharply differentiating features between car- 
cinomatous and nonneoplastic breast epithe- 
lium. Evidence of dehydrogenase activity 
was found in varying strengths of reaction 
in both types of cells. Histochemical cyto- 
piasmic evidence of alkaline phosphatase ac- 
tivity was slightly more pronounced in nor- 
mal than in cancerous epithelium, but the 
d ferences were not striking. Phosphamidase 
reaction occurred somewhat more strongly 
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in neoplastic than in nonneoplastic epithe- 
lium. Protein bound sulfhydryl and lesser 
disulfide reaction were found in cancerous 
and noncancerous cells. While glycogen re- 
action was somewhat more prominent in 
normal epithelium, varying degrees of gly- 
cogen staining were observed in carcinoma, 
some in poorly differentiated carcinoma. 
These findings differ widely from those ob- 
served in squamous carcinoma, where, in 
general, glycogen was strongest ‘in well dif- 
ferentiated tumor cells, and dehydrogenase 
activity was strongest in regions of primary 
cell growth (4). However, in neither type of 
carcinoma did neoplastic cells have findings 
strikingly and uniformly different from those 
of nonneoplastic examples of the same cell 


type. 
SUMMARY 


Twenty-two examples of breast carcinoma 
were subjected to a battery of histochemical 
techniques including localization of dehy- 
drogenase, alkaline phosphatase and phos- 
phamidase activity, glycogen, protein bound 
sulfhydryl and disulfide groups. Compari- 
sons were made with nonneoplastic breast 
tissue. Evidence of dehydrogenase activity, 
sulfhydryl and disulfide groups, was found 
in normal and carcinomatous cells. Glycogen 
deposition was stronger and more uniform 
in normal epithelium, but occurred in carci- 
noma, including some examples of poorly 
differentiated breast carcinoma. Alkaline 
phosphatase reaction was weak in normal 
and absent in neoplastic epithelium. Phos- 
phamidase reaction in general was stronger 
in carcinoma than in normal epithelium. 
No histochemical reaction pattern peculiar 
to carcinoma was found. 


REFERENCES 

1. Arxinson, W. B., Gai, E. A., and Gussere, S. B. 
Histochemical studies on abnormal growth of human 
endometrium—III, deposition of glycogen in hyper- 
plasia and adenocarcinoma. Cancer, 1952, 5: 138. 

2. Atkinson, W. B., and GusBerc, S. G. Histochemical 
studies on abnormal growth of human endometrium 
—I, alkaline phosphatase in hyperplasia and adeno- 
carcinoma. Cancer, 1948, 1: 248. 

3. Dempsey, E. W., Buntinc, H., and WisLock1, G. B. 
Observations on the chemical cytology of the mam- 
mary gland. Am. J. Anat., 1947, 81: 309. 





Surgery, Gynecology ¢ Obstetrics - 


DenuaM, S. W., and Foraker, A. G. Cell growth 
and dehydrogenase activity; a histochemical enzyme 
study of primary squamous cell carcinoma of Bartho- 
lin’s gland. Am. J. Obst. Gyn., 1954, 67: 1151. 
Foraker, A. G. Comparison of histochemical prop- 
erties of normal and neoplastic squamous epithe- 
lium. Am. J. Path., 1955, 31: 581. 
Foraker, A. G., AGUILAR CELI, P., and Denna, S. 
W. Dehydrogenase activity—I, in the ovary. Obst. 
Gyn., 1953, 2: 407. 
Foraker, A. G., and Denna, S. W. Histochemical 
localization of succinic dehydrogenase and endog- 
enous reductase activity in squamous cell carci- 
noma of cervix. Texas Rep. Biol. M., 1953, 11: 643. 
Idem. Succinic dehydrogenase as an indicator of 
cellular metabolism in cervices of pregnant and non- 
pregnant women. Surg. Gyn. Obst., 1954, 96:259. 
Foraker, A. G., DeNHAM, S. W., and AGUILAR 
Cer, P. Dehydrogenase activity—II, in the fallo- 
pian tube. Obst. Gyn., 1953, 2: 500. 
Idem. Localization of sites of dehydrogenase ac- 
tivity in the cervix uteri: normal, metaplastic and 
neoplastic epithelium and cervicitis. Cancer, 1954, 
30d. 


January 1956 
1. 


12. 


Foraker, A. G., Denna, S. W., and MircHei., 7 
D. D. Dehydrogenase activity—III, in the rabbit § 
placenta. Obst. Gyn., 1954, 4: 527. 
Gomort, G. Histochemical demonstration of sites of 


phosphamidase activity. Proc. Soc. Exp. Biol., N.Y., 7 


1948, 69: 407. 

Hsu, Y. T., and Hocn-Liceti, C. Studies on the re- 
duction of tetrazolium derivatives by normal and 
diseased human tissues. Am. J. Path., 1953, 29: 105. 
Kasat, E. A., and Furtn, J. A histochemical study 


of the distribution of alkaline phosphatase in various 


normal and neoplastic tissues. Am. J. Path., 1941, 
17: 303. 

Meyer, J., and WEINMANN, J. P. Phosphamidase 
content of normal and pathologic tissues of the oral 
cavity. J. Histochem. Cytochem., 1953, 1: 305. 
PapykuLa, H. A. The localization of succinic de- 
hydrogenase in tissue sections of the rat. Am. J. 
Anat., 1952, 91: 107. 

Winco, W. J., and Foraker, A. G. Correlation of 
protein bound sulfhydryl and disulfide groups and 
of succinic dehydrogenase activity in basal cell and 
squamous cell carcinomas of human skin. J. Histo- 
chem. Cytochem., 1954, 2: 472. 

















Tl TRACYCLINE THERAPY OF SURGICAL INFECTIONS 


EDWIN J. PULASKI, M.D., F.A.C.S., and GEORGE L. BEATTY, M.D., F.A.C.S., 


Medical Corps, United States Army 


THis REPORT presents clinical experiences 
with the antibiotic, tetracycline, in the 
management of the various surgical infec- 
tions encountered on the wards of a large 
general hospital. 

A large amount (40 papers) of the basic 
clinical and laboratory data concerning 
this antibiotic is published in the Antibiotics 
Annual for 1953-1954(7), and for 1954- 
1955(8). Tetracycline is the generic name 
applied to the distinct antibiotic compound 
which has a structure identical in most ways 
with that of chlortetracycline (aureomycin) 
and oxytetracycline (terramycin). Chlortet- 
racycline has a chlorine atom substituted 
for hydrogen in the 7-carbon position of the 
tetracycline molecule, while oxytetracycline 
has a hydroxyl group substituted in the 5- 
carbon position. Tetracycline is prepared 
by catalytic dechlorination of chlortetra- 
cycline, or by direct fermentation. The 
preparation which is employed clinically is 
the crystalline hydrochloride sait. When 
the three tetracyclines were compared in 
vitro, Reedy and his associates noted the 
following: (1) about two-thirds of 1,000 
strains of various microorganisms demon- 
strated parallel sensitivity or resistance to 
all three tetracyclines; (2) among the re- 
mainder, quantitative variations in anti- 
microbial activity between the tetracyclines 
were exhibited for the staphylococci, aero- 
bacter, escherichia, and pseudomonas spe- 
cies. More strains of staphylococci were 
susceptible to tetracycline than to oxytetra- 
cvcline; and gram-negative aerobacter and 
escherichia species were more frequently 
sensitive to tetracycline than to its two 
analogues; and pseudomonas was more 
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often sensitive to oxytetracycline than to 
tetracycline. Proteus species, for all practical 
purposes, were resistant to all three tetra- 
cyclines. 

Tetracycline is more soluble and more 
stable in solution than chlortetracycline and 
oxytetracycline. The blood serum levels are 
progressively higher following intramuscu- 
lar, oral, and intravenous administration, 
in that order. Once in the bloodstream the 
drug appears in various body fluids, in- 
cluding spinal fluid, peritoneal fluid, saliva, 
cord serum, amniotic fluid, breast milk, 
bile, and urine. We have noted that thera- 
peutic concentrations of tetracycline can be 
recovered in gallbladder bile and in the 
prostatic fluid after the administration of 
500 milligram doses (1, 5). Following oral 
administration a portion of the ingested 
drug is recovered in the stools, and has a 
suppressive effect on the intestinal flora. 

Clinical trials have established that tetra- 
cycline is an efficient antibiotic against those 
diseases due to susceptible microorganisms. 
It is noteworthy that Finland observed less 
frequent predominance of antibiotic-re- 
sistant staphylococci in the stools, and fewer 
diarrheas, after a course of tetracycline, 
than following a course of oxytetracycline. 


PLAN OF PRESENT STUDIES 


The prime objectives of this study were 
to: (1) evaluate clinical responses to tetra- 
cycline for therapy or prophylaxis in hos- 
pitalized surgical patients; (2) record the 
incidence, type, and severity of untoward 
effects attributable to the administration of 
this antibiotic; and (3) critically analyze 
the therapeutic failures. 

Adults were given 1.5 or 2.0 grams of 
tetracycline a day by mouth in 3 or 4 





equal divided doses, frequently after an 
initial priming dose of 1 gram. The intra- 
muscular dose was 100 or 200 milligrams, 
repeated at 6 hour intervals. Tetracycline 
was given intravenously in an initial dosage 
of 500 milligrams or 1 gram, dissolved in 
500 or 1,000 milliliters of 5 per cent dex- 
trose in water, and followed by 500 milli- 
gram doses at 8 or 12 hour intervals. 

Material for bacteriologic studies was 
taken from all lesions in which it was possi- 
ble to do so, and the cultures were tested by 
the agar plate-antibiotic disc method! 
against the major antibiotics. Another 
antibiotic was substituted for tetracycline 
when a report of tetracycline-resistant 
organisms was received, or when there ap- 
peared to be no response to therapy after 
adequate trial. 

Data were assembled for analysis on 
special antibiotic therapy report forms by 
members of the house staff, who managed 
the different patients under the direct 
supervision of the authors. The course of 
many of the surface lesions was recorded by 
serial photographs. 

In evaluating the response to tetracycline 
therapy, the results were judged to be bene- 
ficial if there was a prompt (within 48 
hours) response to the antibiotic manifested 
by diminution of fever, leucocytosis, sub- 
jective complaints, and objective evidence 
of resolution of the infection. The result was 
considered equivocal when it could not be 
determined whether resolution of the infec- 
tion was due to the antibiotic therapy or 
time. The result, not benefited, was applied 
in those instances in which antibiotic 
therapy had no demonstrable effect. 


RESULTS 
Response to tetracycline therapy was 
tested in 179 patients with established sur- 


gical infections. The overall results of 
therapy were considered beneficial in 116 


1Commercially prepared discs in the folowing concentrations 
per disc: the tetracyclines, 10 micrograms; chloramphenicol, 10 
micrograms; erythromycin, 10 micrograms; polymyxin, 5 micro- 
grams; streptomycin, 1 microgram; bacitracin, 2 units; and 
penicillin, 1 unit. 
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(64 per cent), equivocal in 26 (14.5 per : 
cent), and not beneficial in 37 (21.5 per | 
cent). An additional 54 patients received | 


this antibiotic for prophylaxis against pcst- 
operative infection. 


Infections due to hemolytic streptococct (35 9 
cases). These infections involved soft tissues 7 
and were so diagnosed clinically on the basis 7 


of the history and the clinical appearance of 


the lesion. The patients usually arrived at E 
the hospital 18 and 36 hours following sud- | 


den onset of pain in the affected area, ac- 
companied by fever, with or without chills, 
anorexia and malaise, rapidly spreading in- 
fection, and a polymorphonuclear leuco- 
cytosis. The appearance of the lesion dis- 


played one of three forms: a rapidly spread- 
ing diffuse cellulitis, with brawny jndura- | 


tion, exquisite tenderness, increased heat, 
and, frequently, swollen tender regional 
lymph nodes (23 cases); a somewhat less 


extensive but more intensely red, tender © 
area of cellulitis, and one or more ascending | 
lymphangitic streaks, with or without en- | 


larged tender regional lymph nodes (11 
cases); and a typical erysipelas (1 case). 

The diagnosis was confirmed in 11 cases 
by culture of the exudate (10) or the blood 
(1), and the beta-hemolytic streptococci in 


each instance were susceptible in vitro to © 


tetracycline as well as the other antibiotics, 
except streptomycin and polymyxin. The 
lower extremity was the site of the lesion 29 
times, the upper extremity 4, a laparotomy 
incision once, and the face once. The portal 
of entry for the microorganisms appeared 
to be abrasions or blisters in 13 cases, inter- 
digital epidermophytosis in 7, sutured 
wounds in 5, puncture wounds in 4, thermal 
burn in 1, and undetermined in the remain- 
ing 5. 

Treatment consisted of bed rest, eleva- 
tion of the extremity, routine supportive anc 
nursing care, and oral tetracycline therapy 
usually in a dosage of 0.5 gram every & 
hours. External heat or wet dressings were 
not employed. Antibiotic therapy was con- 
tinued for an average of 6 days, with ex- 
tremes of 3 and 15 days. Drainage by one or 
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mo! aspirations was performed in 3 pa- 
tien':, by incision in 2, and by partial re- 
movil of sutures in 1. 

‘he responses to therapy were satisfac- 
tory in these 35 patients, and paralleled 
those observed with penicillin and other 
antistreptococcal therapeutic agents. The 
paticrn of response varied somewhat, de- 
pending upon the mass of tissue involved, 
the amount of tissue damage when the in- 
feclion was coexistent with it, and the 
necessity for surgical intervention. The most 
dramatic results were obtained in cellulitis 
without remarkable underlying tissue dis- 
ease, whether or not there was associated 
lymphangitis or lymphadenitis. Prompt de- 
fervescence, reduction of leucocytosis, re- 
gression of lesion, and general symptomatic 
improvement were characteristic. In a few 
patients with massive cellulitis actual spread 
of the infection appeared to occur during 
the first 24 hours of therapy, followed by 
stepwise reduction in fever and progressive 
resolution of the swelling and increased heat. 
The lymphadenitis regressed slowly over the 
next few days. Whenever exudate formed 
and single or repeated aspirations or surgical 
drainage were performed, the systemic 
and local symptoms regressed rapidly but 
inflammation in the area in which the ab- 
scess had formed disappeared more slowly. 
In 2 instances in which surgical drainage 
was effected, exudation diminished rapidly, 
cultures became sterile, and repair of the 
wound by suture was accomplished success- 
fully. In 2 patients the infection recurred, 
in one, 3 weeks following resolution of 
the infection after 10 days on antibiotics; 
and, in the other, immediately following 
withdrawal of tetracycline after, too early— 
only 3 days—of therapy. The response to a 
second course of tetracycline was prompt 
and satisfactory in both. 

Infections due to staphylococci (62 cases). 
These presented several features which dif- 
fered from those due to hemolytic strepto- 
cocci: (1) Except when trauma was super- 
in posed on a previously localized infection, 
e.'., by squeezing or bumping a boil, the 
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progression of the disease was more gradual, 
so that (2) in general, arrival in the hospital 
was usually later—on an average 4.7 days 
after the first symptoms and signs of infec- 
tion occurred; (3) by this time some degree 
of tissue necrosis had occurred; (4) drain- 
age, spontaneous or surgical, was the case, 
on or after admission; (5) the pattern of dis- 
tribution was more general, the trunk, head, 
and neck being commonly involved; (6) 
over 60 per cent of the patients had prior 
antibiotic therapy for this or similar infec- 
tions; (7) culture sensitivity data were ob- 
tained in each instance to support the diag- 
nosis; (8) repeat cultures were positive for 
staphylococci as long as exudate or necrotic 
tissue was present; (9) when wounds with 
extensive tissue loss, e.g., thermal burns, 
were subjected to repeated dressings, coloni- 
zation with additional microorganisms (su- 
perinfection) sometimes occurred; and (10) 
tetracycline therapy was less uniformly 
effective than in hemolytic streptococcal 
infections. 

The portal of entry for the staphylococci 
was assumed to be hair follicles in 31 of the 
62 infections; blisters, abrasions, calluses, 
puncture wounds, ulcers or lacerations in 
16; thermal burns in 4; paronychiae in 4; 
sebaceous cysts in 2; and undetermined in 5 
(parotitis, osteomyelitis of skull, submandib- 
ular and cervical (neck) abscess, and breast 
abscess in a male). 

Culture sensitivity testing revealed that 
32 per cent of the staphylococci were sus- 
ceptible to penicillin, 50 per cent to oxy- 
tetracycline, 62 per cent to chlortetracycline 
as well as tetracycline, 81 per cent to baci- 
tracin, and 89 per cent to erythromycin and 
to chloramphenicol. 

The general plan of management of these 
patients included rest, immobilization, re- 
lease of pus when fluctuation was present, 
changes of dressings by a strict aseptic tech- 
nique, and antibiotic therapy. Hot wet 
soaks were rarely employed. The average 
duration of tetracycline therapy was 7.5 
days, with extremes of 2 and 30 days. 
Whenever reports of tetracycline-resistant 





a b 


Fic. 1. a, Penicillin resistant staphylococcal osteo- 
myelitis of left frontal bone arrested following oral and 
aspiration replacement tetracycline therapy. b, Reminer- 
alization of cavity 4 months after tetracycline treatment. 


staphylococci were received, change was 
made to another antibiotic, usually chloram- 
phenicol or erythromycin. Drug therapy 
was discontinued coincident with resolution 
of the cellulitis, spontaneous discharge or 
lifting out of the necrotic plug, and cessation 
of drainage. 

The results of therapy were judged to be 
beneficial in 34 of the 62 cases, equivocal in 
7, and unsatisfactory in 21, including 1 
death. She was a 50 year old, chronically ill 
Caucasian with repeated episodes of soft 
tissue infections and anemia, hepato-spleno- 
megaly, pancytopenia, and bone marrow 
fibrosis. Bacteremia ensued which was un- 
affected by tetracycline, and the staphylo- 
cocci were sensitive only to chloramphenicol 
and bacitracin. These antibiotics were also 
given, without benefit. At postmortem, in 
addition to multiple soft tissue abscesses, 
there was extensive bilateral pneumonia, 
and the lungs contained abundant numbers 
of staphylococci. 

As expected, the most favorable responses 
to tetracycline were noted in those patients 
with early, acute diffuse cellulitis due to 
tetracycline-sensitive organisms. In such cir- 
cumstances the infection rapidly became 
controlled and healing was complete within 
about a week. 

A case of acute osteomyelitis of the skull 
presented some interesting features (Fig. 1). 

Case 1. A 31 year old Caucasian submarine ship’s 
cook gave a history of recurrent left frontal head- 


Surgery, Gynecology ¢> Obstetrics - January 1956 


aches over the past 2'%4 years. The cause was not 
determined. Recurrence dated back a month, with 
gradual development of a tender 4 by 4 centimcter 


area of tumefaction over the left frontal region. ‘The : 
swelling spread to the left eyelid following infiltration 7 
of procaine. He was seen in consultation and a diag. |] 


nosis of abscess was proved by the aspiration of 6 cubic 


centimeters of thick yellow pus. Culture of the pus 7 
yielded Staphylococcus aureus sensitive to tetracycline 7 
but resistant to penicillin and streptomycin. X-ray 7 
films revealed osteomyelitis of the left frontal bone in- 7 


volving a 3 to 4 centimeter area. Oral tetracycline, 
0.5 gram every 6 hours, was begun and continued for 
28 days. Aspiration of the pus was repeated on the 
second, third, fourth, and fifth days, then at 3 to 4 
day intervals, with diminishing and thinning exudate, 
and was followed by replacement of 10 to 20 milli- 
grams of tetracycline dissolved in 1 or 2 cubic centi- 
meters of sterile saline solution. Cultures yielded no 
growth after the fourteenth day of tetracycline ther- 
apy. Fluctuation and edema gradually disappeared 
and he had remained well. Follow-up films reveal 
progressive recalcification of the frontal bone. His 
headaches have disappeared completely. 


This case represents an excellent response 
of an extensive osteomyelitis of the skull to 
oral tetracycline therapy, and aspiration 
antibiotic replacement of the pus. 

The responses to tetracycline therapy 
were judged to be equivocal in 7 other pa- 
tients. The infections in each instance were 
caused by staphylococci which were tetra- 
cycline susceptible in vitro. Treatment, how- 
ever, was not instituted until the infection 
had localized and begun to drain. These 7 
patients probably would have done just as 
well on rest, immobilization, and local care 
alone. 

The 21 cases of failures with tetracycline 
therapy in each instance were associated 
with staphylococci which were partially or 
completely resistant in vitro to this anti- 
biotic. All came under control following 
change to chloramphenicol or erythromycin. 
Another interesting observation was re- 
vealed when the results were grouped ac- 
cording to the region of the body involved. 
The rate of failures was 55 per cent for the °) 
infections of the head and neck, and 39 per 
cent for the 31 infections of the trunk anc 
upper extremity. In contrast it was only 1: 
per cent in the 20 infections involving the 
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lower extremity. This observation may have 
pra: tical application in circumstances when- 
eve: laboratory studies are not available. 

Aliscellaneous infections (54 cases). Three in- 
fections were due to anaerobic nonhemolytic 
streptococci, sensitive in vitro to tetra- 
cyciine. One patient developed such infec- 
tion 2 days following a human tooth injury 
to the metacarpophalangeal joint of the 
right middle finger. The infection responded 
rapidly to elevation, immobilization, and 6 
days of tetracycline, with restoration of full 
movement of the joint after a week. The 
second patient presented massive cellulitis 
with abscess of the forearm (Fig. 2). Fol- 
lowing immobilization, tetracycline, and 
one time aspiration of exudate, the response 
was akin to that observed in the hemolytic 
streptococcal infections. The third case, a 
Ludwig’s angina, also demonstrated a satis- 
factory response. Complete subsidence, 
without surgical decompression, followed a 
10 days’ course of oral tetracycline. 

Two patients developed Pseudomonas 
aeruginosa infections, one following excision 
of a postradiation cicatrix of the leg with 
primary suture, and the other associated 
with a retained metallic fragment in the 
pretibial area. The course of infection was 
not altered by tetracycline; the organisms 
were resistant in vitro to this antibiotic. 

Two other patients with infected com- 
pound fractures (sacrum, patella) showed 
no beneficial effects from tetracycline ther- 
apy. Both harbored tetracycline-resistant 
gram-negative organisms. 

Six patients with mixed gram-positive 
and gram-negative suppurative infections, 
all but 1 of them following surgery on the 
gastrointestinal tract, responded satisfac- 
torily to tetracycline therapy and surgical 
drainage. The bacterial flora were tetra- 
cycline sensitive. Two patients with post- 
operative mixed staphylococcal and gram- 
nevative wound infections of the skin and 
suicutaneous tissues showed no benefit from 
adjunctive oral tetracycline therapy; their 
wounds harbored predominantly _ tetra- 
cy line-resistant organisms on culture. 
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Fic. 2. Extensive anaerobic streptococcal cellulitis of 
left forearm which responded to tetracycline and 1 
needle aspiration drainage of exudate. 


Six patients had tetracycline therapy 
preparatory to, or following, skin grafting 
procedures—1 for a radical mastectomy 
wound, 2 for thermal burns, 1 for traumatic 
avulsion of 2 fingertips, and 2 for ulcers of 
the leg. Each harbored a mixed bacterial 
flora. The responses to tetracycline were 
considered beneficial in 2, indeterminate in 
1, and unsatisfactory in 3. Three of these 
patients exhibited superinfection, 2 with 
tetracycline-resistant staphylococci, and 1 
with tetracycline-sensitive hemolytic strep- 
tococci. The former infections cleared with 
adjunct chloramphenicol therapy, and the 
latter with continued tetracycline adminis- 
tration. 

A 43 year old male with acute divertic- 
ulitis of the colon experienced dramatic 
subsidence of symptoms coincident with a 
2 day course of intravenous, then 3 days of 
oral, tetracycline therapy. He had had sig- 
moid resection for this condition in 1951, 
one year following drainage of a large peri- 
sigmoid abscess. Postoperative barium enema 
showed 1 diverticulum in the splenic flexure 
of the colon. This was his first attack since 
surgery. Response to parenteral fluids and 
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tetracycline was marked after 24 to 36 hours. 
He was symptom-free and eating a normal 
diet after 3 days and has not had any recur- 
rence. He stated that the usual attacks before 
his surgery in 1951 would last a week before 
comparable improvement would begin. A 
similar response was obtained in another 
patient. 

The 9 cases of ischiorectal abscess were 
surgically drained shortly after tetracycline 
was begun. Good responses were so inter- 
preted when the cellulitis cleared, pain, in- 
duration, and drainage diminished within 
48 hours, and a clean base with firm red 
granulations resulted. This occurred in 4 
cases. In 5 others the results were less prompt, 
and the impression was gained that the out- 
come would have been the same whether or 
not adjuvant antibiotic therapy was given. 
These cases are difficult to evaluate and re- 
quire special study. 

The same conclusions were reached on 
the basis of trial of tetracycline therapy in 
20 cases of infected pilonidal sinuses. Except 
for the rapid resolution of cellulitis when 
due to hemolytic streptococci (4 cases) or 
Escherichia coli (1 case), it was difficult to 
ascribe any beneficial effects to adjunctive 
antibiotic therapy. These lesions are now 
the subject of intensive specialized study. 
Review of over 100 published papers failed 
to disclose a single report of culture sen- 
sitivity data on these lesions. Our own stud- 
ies to date, carried out in collaboration with 
Edmund Scavone, indicate that 63 per cent 
of the lesions harbor micrococci, 13 per cent 
hemolytic streptococci, 8 per cent non- 
hemolytic streptococci, 11 per cent Escher- 
ichia coli, 7 per cent proteus species, and 
10 per cent other gram-positive and gram- 
negative microorganisms. About half the 
cases are mixed infections. The antibiotic 
sensitivity data on the staphylococci are sur- 
prising. Only 16 per cent of the isolates were 
penicillin-sensitive; 33 per cent were sus- 
ceptible to tetracycline; 70 per cent to 
chloramphenicol; 77 per cent to bacitracin; 
and 81 per cent to erythromycin. Fifty-seven 
per cent of the gram-negative bacilli were 


sensitive to the tetracyclines, and 64 per 
cent to chloramphenicol. Except when the f 
infection is acute and due to antibiotic- [ 
susceptible microorganisms, the chances ofa © 
favorable response to adjunctive chemo- 7} 
therapy do not appear great. 

Peritonitis. There were 18 cases in this 7 
group, as follows: 5 with acute diffuse 7 
peritonitis following perforation of the ap- 7 
pendix, 1 with peritonitis secondary to per- 
forated duodenal ulcer, 2 with peritonitis | 
secondary to spread of appendiceal abscess 
following drainage, 9 with localizing perito- 
nitis due to acute appendicitis with per- 
foration (1 of which was associated with 
severe pelvic cellulitis), and 1 with acute 
bilateral salpingitis. The temperature re- |— 
sponse, disappearance of tenderness, reap- 
pearance of peristalsis, and subjective sense | 
of improvement were the principal guides |) 
used in the evaluation of response to therapy. | 
All patients recovered. The results were con- 7 
sidered beneficial in 13 patients and equiv- {7 


ocal in 5. For example, the patient with [7 


severe pelvic peritonitis responded slowly — 
over a 10 day period after appendectomy 
and the tetracycline response is listed as |” 
equivocal. The patient with pelvic peritonitis 
and acute salpingitis had a gratifying re- 
sponse postoperatively, with the temperature | 
falling from 102 degrees F. to normal limits | 
within 4 days; this could have occurred with | 
bed rest and supportive therapy alone. 

Acute cholecystitis. There were 10 patients | 
in this group. Each received two courses of | 
tetracycline therapy, the first during the | 
acute attack, and the second during the 
postoperative period. The results were con- 
sidered beneficial in each instance. Two had 


their attacks during the last trimester of | 


pregnancy; following uncomplicated labor 
and delivery, elective cholecystomy was per- 
formed without postoperative complications. 
Two other patients had common duct stone 
and culture-proved infected bile following 
cholecystectomy and choledochostomy; both 
had a smooth, uneventful postoperative 
course. In 2 others elective surgery affordec 
optimal preparation for operation of pa- 
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ties with moderately severe myocardial 
dis: ise. The remaining 4 patients were not 
rer.irkable. 


PROPHYLAXIS WITH TETRACYCLINE 


i etracycline was employed in the follow- 
ing conditions in which chemotherapeutic 
prophylaxis seemed indicated: gunshot 
wounds, thorax and abdomen, 2; pneumo- 
hemothorax, 1; incisional hernia repair, 2; 
colotomy for polyp, 1; acute gangrenous or 
suppurative appendicitis, 21; perforating, 
penetrating, or lacerated wounds of ex- 
tremities, 6; thermal burns, 3; elective ortho- 
pedic surgical procedures, 7; inguinal or 
cervical adenitis of undetermined etiology, 6; 
and miscellaneous elective operations, 5. It 
became apparent that evaluation of the 
influence of antibiotic therapy could not be 
made without specific study and suitable 
controls, and the results, therefore, are listed 
as equivocal, pending controlled study. 


UNTOWARD REACTIONS 


Tabulation of untoward effects attribut- 
able to tetracycline for the entire group of 
patients revealed the following: When given 
intravenously in a concentration not to ex- 
ceed 1 milligram per milliliter, the drug was 
well tolerated in 24 of 30 patients. Four of 
the 6 others developed thrombophlebitis, in 
each instance following more than 3 days of 
use of the same vein. In 1 instance in which 
extravasation was known to have occurred 
there was an associated local cellulitis. More 
recently intravenous tetracycline has been 
given continuously through the same vein 
for no longer than 24 hours, and this dura- 
tion of therapy appears to be well tolerated, 
except for occasional local. phlebitis (2 
patients). 

Intramuscular administration of tetra- 
cycline to our patients usually has been at- 
tended by pain at the site of injection, 
especially when the amount injected was 
200 milligrams, which lasted for a few hours 
to overnight. 

Oral therapy in divided doses not exceed- 
ins 2.0 grams a day was well tolerated by 
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Fic. 3. Appearance of gums and pharynx of a post- 
cholecystectomy patient after 4 days of tetracycline 
therapy. The lesions disappeared following withdrawal 
of the antibiotic and symptomatic treatment. 


the majority of patients. Transient erythema 
of the head, neck, and arms occurred in 1 
patient on the third day of tetracycline and 
disappeared overnight. Stomatitis was noted 
in 3 patients, 1 of which was severe (Fig. 3), 
and mild to moderate loose stools and 
diarrhea were noted in 9. The gastrointes- 
tinal side effects tended to be fewer and 
milder when the total daily dosage was 1.5 
grams a day instead of 2.0 grams a day. 


DISCUSSION AND SUMMARY 


Information derived from trials of tetra- 
cycline in 233 patients with the clinical en- 








tities seen on the general surgical service of 
Tripler Army Hospital has been studied, 
and the data have been analyzed. One 
hundred and seventy-nine of the 233 cases 
were established infections. The overall re- 
sults of tetracycline therapy were favorable 
in 64 per cent of the cases, equivocal in 14.5 
per cent, and poor in 21.5 per cent. In the 
other 54 cases tetracycline was used prophy- 
lactically when infection was anticipated. 
No conclusions were drawn and the results 
were catalogued as equivocal. In general, the 
efficacy of tetracycline in surgical infections 
parallels that observed in prior trials with 
chlortetracycline and oxytetracycline (3). 

Tetracycline therapy was effective against 
all of the cases of acute beta hemolytic 
streptococcal infections of soft tissues and the 
clinical responses were similar to those ex- 
pected from the use of the older antibiotics. 
Surgical intervention was required only in 
those cases in which fluctuation and exudate 
formed. One or more aspirations were as ef- 
fective as incision and drainage and afford 
certain advantages, but are more time- 
consuming. When tetracycline therapy is 
elected for hemolytic streptococcal infec- 
tions, it is suggested that adults be given a 
priming dose of 1.0 gram of this antibiotic 
by mouth, followed by 0.5 gram doses every 
8 hours for at least 5 days. Immediate relapse 
occurred in 1 of our patients when tetra- 
cycline was withdrawn after a course of only 
3 days. 

Tetracycline therapy was rated as bene- 
ficial in 34 of the 62 cases of staphylococcal 
infections. An excellent result was obtained 
in 1 case of staphylococcal osteomyelitis of 
the skull with oral tetracycline supplemented 
with local instillations of the drug following 
each aspiration of pus. Most other lesions 
drained spontaneously or were drained sur- 
gically before wound healing occurred. The 
responses to tetracycline were judged to be 
equivocal in 7 patients in whom specific 
therapy was begun only after the infection 
was already localizing; these infections con- 
ceivably would have responded just as well 
to supportive treatment alone. The remain- 
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ing 21 cases were clinical failures due to in- 
fection with tetracycline-resistant staphy- 
lococci. Review of our earlier studies of 
chlortetracycline and oxytetracycline for 
staphylococcal infections indicates a_ re- 
duction in incidence over a 5 year period of 
these lesions which are susceptible to the 
tetracyclines (3). The importance of prompt 
antibiotic culture sensitivity testing of the 
wound exudate in staphylococcal infections 
of hospitalized patients thus becomes obvi- 
ous. When this group of infections was cata- 
logued according to the region of the body 
involved, it was noted that tetracycline- 
resistant infections occurred predominantly 
in the upper half of the body, and, converse- 
ly, that the tetracycline-susceptible infections 
predominated in lesions of the lower extrem- 
ity. This observation may have practical 
application. ‘Two grams a day of tetracycline 
given by mouth in 4 equal divided doses for 
about 3 days, then a reduction to 1.5 grams 
a day for an average of 4 days, are adequate 
for most staphylococcal infections of soft 
tissues susceptible to this antibiotic. 

Three patients with anaerobic streptococ- 
cal infections were successfully treated and 
the clinical responses were similar to those 
observed in the hemolytic streptococcal 
series. Two patients with pseudomonas in- 
fections of soft tissues were clinical and bac- 
teriologic failures. Among patients with 
mixed bacterial infections of soft tissues and 
bone, satisfactory responses were obtained 
whenever the organisms were tetracycline- 
sensitive, the regional blood supply was ade- 
quate and there was free drainage. Two 
cases of acute diverticulitis of the colon 
evidenced a dramatic response to tetra- 
cycline. Adjunct tetracycline therapy for 
acute ischiorectal abscess is sometimes bene- 
ficial. Tetracycline therapy, while useful in 
the adjunctive treatment of those acute 
pilonidal sinus infections due to susceptible 
organisms, which are in the minority, offers 
little over incision and drainage and sup- 
portive care in localized suppurations. 

The results obtained to date in cases of 
acute secondary peritonitis an? of acute 
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cholecystitis suggest the value of tetracycline 
in the management of these clinical entities. 
‘| hese experiences support the observations 
ou the therapeutic efficacy of tetracycline 
in experimental peritonitis (4), as well as its 
potentialities in biliary tract disease as based 
on the relatively high concentrations meas- 
ured in the gallbladder bile of man follow- 
ing parenteral administration (5). For peri- 
tonitis we have been administering tetra- 
cycline by intravenous infusion, giving an 
initial dose of 1.0 gram, then 0.5 gram doses 
at 8 or 12 hour intervals during the acute 
phase; oral therapy is substituted when 
peristalsis returns. For infections of the biliary 
system, tetracycline was administered intra- 
venously in 0.5 gram doses every 8 to 12 
hours during the critical stage, and subse- 
quently was given orally in the standard 
1.5 gram a day regimen. 

Adverse untoward effects attributable to 
tetracycline were similar to those observed 
for its two analogues. Oral therapy in doses 
not exceeding 2.0 grams a day for an average 
of 7 days was well tolerated by most patients. 
Stomatitis was attributed to the drug in 3 
instances and mild diarrhea in 9. Intramus- 
cular administration of tetracycline resulted 
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in complaints of pain and soreness of varying 
degrees in nearly every patient. Intravenous 
therapy via the same vein for longer than 
48 hours culminated in chemical thrombo- 
phlebitis in 4 of 30 patients and local 
phlebitis in 2 others. 
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OCCLUSION OF THE GREAT CARDIAC VEIN AND 
CORONARY ARTERY LIGATION 


H. SIDERYS, M.D., P. F. GRICE, M.D., H. B. SHUMACKER, JR., M.D., F.A.C.S., and 


A. RIBERI, M.D., Indianapolis, Indiana 


BECAUSE OF THE PREVALENCE and impor- 
tance of coronary artery disease-in man, 
there has been over the past 20 years in- 
creasing interest in surgical attempts to im- 
prove the blood supply to the myocardium. 
One such method has been the occlusion, 
complete or partial, of the venous drainage 
of the heart. 

The present studies were undertaken in 
order to determine whether ligation of the 
great cardiac vein in dogs reduces the mor- 
tality from subsequent ligation of the an- 
terior descending branch of the left coro- 
nary artery, whether simple pericardiotomy 
serving as an operative control affords any 
protection against the same procedure, and 
whether any protection demonstrated re- 
sults from bringing to the heart new blood 
supply from the outside or from better inter- 
coronary anastomoses. 


MATERIALS AND METHODS 


Healthy mongrel dogs weighing between 
10 and 20 kilograms were used. Anesthesia 
was induced by the intravenous administra- 
tion of sodium thiopental. Intubation was 
then carried out and ether-oxygen mixture 
was administered by means of a mechanical 
respirator. All operations were performed 
with aseptic technique. Ligation of the great 
cardiac vein and the operative controls were 
performed through left fifth intercostal 
space incisions. ‘The pericardium was opened 
anterior to the course of the phrenic nerve. 
The great cardiac vein was identified, dis- 
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sected free, and divided between fine silk 
ligatures close to the coronary sinus. The 
pericardium was closed carefully with in- 
terrupted silk sutures. The lung was ex- 
panded and the chest was closed in layers. 
The operative control procedure was per- 
formed in precisely the same manner except 
that the great cardiac vein was not dissected 
free nor divided, the animals being sub- 


jected only to pericardiotomy and careful 


closure of the pericardial incision. 

Ligation of the coronary artery was Car- 
ried out in normal control dogs and in ani- 
mals in which the great cardiac vein had 
been ligated or simple pericardiotomy per- 
formed 1 month previously. A fourth left 
intercostal space incision was utilized for 
this procedure. The bifurcation of the left 
main coronary artery was dissected free and 
the anterior descending branch identified 
and divided between ligatures at the point 
of its origin. During this and the other 
operative procedures care was exercised to 
maintain adequate oxygenation and no 
medication was administered. 

Measurements of the peripheral coronary 
artery pressure and flow, as well as study of 
the coronary circulation by the injection 
technique of Schlesinger, were made in 
some dogs in each of the three groups. In 
one group of animals, these studies were 
carried out immediately after ligation of 
the anterior descending branch of the left 
coronary artery, while in another group 
these same studies were made 24 hours fol- 
lowing ligation of the artery. Retrograde 
coronary pressures were measured with a 
strain gauge manometer through a poly- 
thene tube which was inserted into the an- 





















«rior descending artery just distal to the 
point of division. Immediately after satis- 
{uctory pressures were recorded, the poly- 
irene tube was opened and distal coronary 
flow was calculated by allowing the blood to 
drip into a graduated cylinder during a unit 
of time, the end of the polythene tube being 
held at the level of the ligated artery during 
this procedure. The hearts of all dogs stud- 
ied in this manner were also examined by 
the injection technique of Schlesinger in 
order to evaluate retrograde filling of the 
ligated artery. 

At the time of death or sacrifice, the heart 
of each dog was examined with great care. 
The left coronary artery was dissected free 
and the division of the anterior descending 
branch at its point of origin was confirmed. 
Note was made whether the septal artery 
was unobstructed, or whether it had been 
interrupted by the procedure. The resultant 
myocardial infarcts were measured as care- 
fully as possible, photographs were taken, 
and sections of the heart were fixed in for- 
malin and prepared for microscopic study. 


RESULTS 


Untreated control animals. In 39 dogs the 
anterior descending branch of the left coro- 
nary artery was divided between ligatures 
at the point of its origin. Twenty-four of the 
animals died, a mortality of 62 per cent 
(Table I). A great majority of the animals 
died within 24 hours, although 1 lived as 
long as 7 days. Dissection of the coronary 
vessels revealed the fact that in 7 dogs the 
septal artery had arisen anomalously from 
the anterior descending branch. All 7 of 
these animals died. If these 7 animals are 
excluded, the mortality in the remaining 32 
dogs was 53 per cent. All surviving animals 
were sacrificed 1 month after operation and 
infarction and thinning of the anterior wall 
of the left ventricle was evident in all. The 
nfarct was large and measured 2.5 by 2.5 
centimeters in size or greater (Fig. 1). 

Ligation of the great cardiac vein. The great 
‘ardiac vein was divided between ligatures 
‘lose to the coronary sinus in 12 dogs. All 
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Fic. 1. Photograph of heart of control animal 1 month 
after ligation of anterior descending branch of left 
coronary artery. The large area of infarction is seen. 


survived this procedure. Immediately fol- 
lowing interruption of the vein, the adjacent 
myocardium became cyanotic and the veins 
in this portion of the heart were obviously 
distended. One month later these animals 
were subjected to division between ligatures 
of the anterior descending branch of the 
left coronary artery. Four animals died 
within a period of 2 days, a mortality of 33 


TABLE I.—MORTALITY DATA ON DOGS SUBJECTED 
TO DIVISION OF ANTERIOR DESCENDING 
BRANCH OF LEFT CORONARY ARTERY AT ITS 
POINT OF ORIGIN 


Animals with Animals with 
Control previous vein previous simple 
animals ligation pericardiotomy 
Not of dégs. .. 05. 39 12 32 
No. of survivors... .. 15 8 20 
Overall mortality, 
VOU CRNG. oa. cccs 62 33 38 
No. with occlusion of 
septal artery...... 7 4 10 


Mortality in dogs with 
occlusion of left an- 
terior descending 
and septal artery, 
DEE CONES. so cs02s 100 75 60 

Mortality in dogs 
without septal 
artery occlusion, 

POP COME. 5 cess 53 12. 
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Fic. 2. Photograph of hearts 1 month after ligation of 
anterior descending branch of left coronary artery in the 
case of 1 animal previously treated by vein ligation (a) 
and in the other (b) by simple pericardiotomy. There is 
noted an absence of the through and through infarction 
always observed in unprotected control animals. 


per cent (Table I). Dissection of the coro- 
nary artery demonstrated anomalous origin 
of the septal artery from the anterior de- 
scending branch in 4 of the 12 animals. 
Three of these 4 animals died. If the 4 ani- 
mals with anomalous origin of the septal 
artery are excluded, the mortality in the re- 
maining 8 animals was 12.5 per cent, only 
1 animal having died. The surviving 8 ani- 


_in others through only a part of the wall, 
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mals were sacrificed 1 month later. Some 
myocardial infarction of the left ventricular 
wall was evident in all animals, but it was 
clear that the infarcts were not as large as 
those in the control group and a few failec 
to show through and through infarction, 
the infarcted areas being evident on the in- 
ner aspect of the myocardium but not on the 
external aspect (Fig. 2a). 

Operative controls: simple pericardiotomy. Sim- 
ple pericardiotomy was performed in 32 
dogs. One month later these animals were 
subjected to division between ligatures of 
the anterior descending branch of the left 
coronary artery at its point of origin. At the 
time of the second operation there were no 
extensive adhesions between the pericardi- 
um and the myocardium. Usually there 
were a few avascular adhesions along the 
line of the pericardial incision. Such ad- 
hesions were filmy, easily broken, and no 
bleeding occurred from their disruption. 
Similar adhesions between the pericardium 
at the line of suture and the overlying lung 
were noted and these adhesions also were 
filmy and avascular. Twelve of the 32 dogs 
died following coronary artery occlusion, a 
mortality of 38 per cent (Table I). Ten of 
the 32 had anomalous origin of the septal 
artery from the anterior descending branch 
distal to the point of division. Six of these 10 
died. If these 10 animals are excluded from 
the group, the mortality from ligation was 
27 per cent. When the surviving animals 
were sacrificed 1 month afterward, infarc- 
tion was observed in all, but the infarcts 
were obviously smaller than those of the 
control group and quite similar in size to 
the infarcts noted in the group of animals 
which had been treated prior to coronary 
division by interruption of the great cardiac 
vein (Fig. 2b). 

We met the same difficulties that Beck 
and Mako (3) had encountered when we 
attempted to measure accurately the size of 
the infarcts in each animal. In some animals 
the area of infarction extended through the 
entire wall of the ventricle in some portions, 
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avd in still others involved mainly a papil- 
lary muscle. 

[he method of transecting the heart 
transversely as utilized by Gross and Blum 
and by Beck and Leighninger (2) proved un- 
reliable in our hands. Slices taken only a few 
millimeters apart sometimes gave a com- 
pletely different indication of the extent of 
the scarring and thinning of the myocardi- 
um (Fig. 3). In general, it was found that 
hearts with small infarcts tended to have 
the greatest amount of scarring near the 
apex. Consequently, transverse slices through 
the center of the heart tended to show large 
infarcted areas well but not areas of small 
infarction (Fig. 4). We found no method 
more reliable than general overall estima- 
tion of the size of infarction. By this standard 
it was quite clear that infarcts in the animals 
previously treated by ligation of the great 
cardiac vein, or by simple pericardiotomy, 
were smaller than those in the untreated 
control dogs. 

Studies of peripheral coronary pressure, 
retrograde coronary flow, and retrograde 
filling of the coronary system distal to the 
point of ligation with injection studies car- 
ried out immediately after ligation of the 
coronary artery revealed no significant dif- 
ferences between the three groups of ani- 
mals. In the untreated control group, 


retrograde flows ranged from 0.6 to 3.8 
cubic centimeters, with an average of 1.5 
cubic centimeters per minute. Dogs treated 
a month previously by ligation and division 





Fic. 3. Photographs of 2 slices from the same heart 
l-ss than 1 centimeter apart, showing, in a, some scarring 
‘ut almost no thinning of the anterior wall of the left 

‘ntricle and, in b, extensive thinning and scarring. 
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Fic. 4. Photographs of slices from the same heart show- 
ing very small area of thinning and scarring at center of 
heart (a) and relatively large area of scarring and thin- 
ning at the apex (b). 


of the great cardiac vein had retrograde 
flows which ranged from 0.8 to 1.6 cubic 
centimeters, averaging 1.1 cubic centi- 
meters per minute. Those treated by simple 
pericardiotomy 1 month previously had 
values which ranged from 0.4 to 1.7, and 
averaged 1.0 cubic centimeter per minute. 
Peripheral coronary pressures and injection 
studies also showed no significant difference 
between the three groups of animals (Table 
IT). 

Since it was possible that differences, not 
demonstrable immediately after coronary 
artery ligation, might be evident afterward, 
the same studies were repeated 24 hours 
following division of the anterior descending 
branch of the left coronary artery at its 
point of origin. At this time significant dif- 
ferences were encountered. In the control 
group of animals the peripheral coronary 
flows ranged from 0.3 to 1.8 cubic centi- 
meters per minute, averaging 1.0 cubic 
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centimeter per minute. In this group the 
average peripheral coronary pressure was 
43/15. The peripheral segment of the oc- 
cluded anterior descending branch was 
slightly better filled with radio-opaque ma- 
terial in the injection studies than it was 
immediately after coronary artery ligation. 
Greater values were obtained in the animals 
treated previously by division of the great 
cardiac vein. The average retrograde flows 
in this group were 3.2 cubic centimeters per 
minute and the peripheral pressures 62/19. 
Filling of the distal arterial segment with 
radio-opaque material was considerably 
better than in the untreated control ani- 
mals. In the group treated by simple peri- 
cardiotomy the average retrograde flow was 
3.8 cubic centimeters per minute and the 
average peripheral pressure 47/18. Injec- 
tion studies showed significant filling of the 
terminal segment of the anterior descending 
branch comparable to that noted in the 
group treated by ligation of the great cardi- 
ac vein (Table III). In Figure 5, examples 
of the different degrees of retrograde arteri- 
al filling are shown. From these studies it is 
apparent that one day after ligation of the 
coronary artery the degree of intercoronary 
communications in dogs treated previously 
either by pericardiotomy or by ligation of 
the great cardiac vein are of the same order 
of magnitude and significantly increased as 
compared with those observed in normal 
control animals. 


DISCUSSION 


This study indicates clearly that dogs 
subjected 1 month beforehand to division of 
the great cardiac vein withstand ligation of 
the anterior descending branch of the left 
main coronary artery at its point of origin 
better than do control animals. The overall 
mortality in the control group was 63 per 
cent, in the treated group 33 per cent. If 
animals with anomalous origin of the septal 
artery from the anterior descending branch 
distal to the point of division are eliminated 
from both groups, the mortality is 53 per 
cent in one and 12.5 per cent in the other. 


All 7 control animals with occlusion of the 
septal artery died, while 1 of 4 in the treated 
group survived. The resultant infarcts in 
the surviving animals were consistently 
smaller in the group which had undergone 
division of the great cardiac vein. 

Similar results have been recorded in the 
literature but the results concerning the in- 
fluence of venous occlusion upon subsequent 
interruption of coronary arteries are vari- 
able. Gross and his associates (9, 10) re- 
ported that ligation of the coronary sinus 
resulted in smaller infarcts but did not 
demonstrate a lower mortality following 
coronary artery ligation. Fifty-five per cent 
of the control animals died within 24 hours 
after ligation of the anterior descending 
branch and the same mortality prevailed in 
a group in which the coronary sinus had 
been occluded a month previously. In con- 
trast to the infarcts present in the control 
group, however, the majority of the animals 
which had been treated with coronary sinus 
occlusion showed no infarction and in the 
remainder the infarcts were smaller than 
those observed in the control group. Study 
of the coronary arteries by injection with 


barium demonstrated, with the exception of 
1 animal, significantly smaller areas of 


avascularity in the treated animals as com- 
pared with the controls. Gregg and his col- 
leagues (8, 13) measured peripheral coro- 
nary artery flow in normal animals and in 
animals immediately after occlusion of the 
coronary sinus. The retrograde coronary 
artery flow averaged 7 cubic centimeters 
per minute in the control animals and 39 
cubic centimeters per minute in the experi- 
mental group. Ligation of the great cardiac 
vein had a similar but less dramatic effect in 
increasing the retrograde coronary flow. 
Similar flow studies carried out upon ani- 
mals some time after venous occlusion, how- 
ever, demonstrated little difference between 
this group and the control group. Myo- 
graphic studies showed that the ischemic 
portion of the myocardium resulting from 
acute interruption of the anterior descend- 
ing branch of the left coronary artery did 
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ne contract either in normal dogs or in 
dos in which the coronary sinus was acute- 
ly or chronically occluded. Fauteux (6) 
reported remarkable differences in mor- 
tality following anterior descending coro- 
nary artery interruption in normal dogs 
and in those in which the great cardiac vein 
was divided immediately beforehand. In 
the control group, 14 of 15 animals died. In 
the other group, he stated that no dog died 
of cardiac causes, though a considerable 
number died of other difficulties such as dis- 
temper. In other animals the coronary 
artery ligation was accomplished 1 year 
after ligation of the great cardiac vein. All 
of these survived. Peculiarly enough, how- 
ever, when the coronary artery was ligated 
1 month following interruption of the great 
cardiac vein, there was a mortality of 60 per 
cent (7), the mortality in the control group 
being 80 per cent. Fauteux reported that 
preliminary observations upon a number of 
patients treated by ligation of the great 
cardiac vein were encouraging. Beck and 
Mako (3) found that ligation of the great 
cardiac vein brought about some reduction 
in mortality from coronary artery ligation 
provided it was carried out some time be- 
forehand. In their experiments, ligation of 
the anterior descending branch of the left 
coronary artery in control animals resulted 
in a mortality of 80 per cent. The mortality 
in a group in which the great cardiac vein 
was ligated immediately beforehand was 
70 per cent and it was 80 per cent in an- 
other group in which the coronary sinus 
had been ligated from 3 to 6 days before- 
hand. The mortality, however, was reduced 
to 50 per cent when the coronary sinus was 
ligated from 7 to 17 days before, and the 
mortality was also 50 per cent when the 
great cardiac vein had been ligated 6 weeks 
before the coronary artery was divided. 
‘They observed that the infarcts were some- 
what smaller in those animals subjected to 
venous occlusion and stated that injection 
studies showed that those with venous 
o- clusion tended to have better intercoronary 
Communications than the control group. 
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TABLE II.—FLOW, PRESSURE, AND INJECTION 
STUDIES PERFORMED IMMEDIATELY AFTER 
CORONARY ARTERY DIVISION 

Filling of left 
anterior descending 


Retrograde flow Distal coronary artery distal to 


No. of dog inc.c./min. pressureinmm.Hg __ point of ligation 
: __UNTREATED CONTROL ANIMALS 
Giecewssawes — — 0 
j ere eae 1.0 29/18 0 
0 ee 1.5 29/3 0 
3 0.8 40/14 + 
Wes caidieRatss 3.8 44/11 0 
Deicceetiics 0.6 20/6 0 
Average..... KS 32/10 — 
____ANIMALS WITH PREVIOUS LIGATION GREAT CARDIAC VEIN 

Oe 1.0 21/11 0 
oo ee 1.0 30/8 + 
MOIR goes occe3 1.6 51/20 0 
y (| re 0.8 66/11 0 
Average..... a1 42/13 — 

< ANIMALS WITH PREVIOUS PERICARDIOTOMY__ 
(\ ) ae _ a 0 
CE | FY 39/15 + 
607... 1.3 44/19 + 
612.. 0.8 22/11 0 
| net 0.4 34/15 0 
OS Ree 0.8 31/10 0 
Average..... 1.0 34/14 — 


Eckstein and his colleagues (5, 12) made 
some observations on mortality during the 
first hour following ligation of the circum- 
flex artery. The mortality was 70 per cent 
in the control group and there were no 
deaths in animals which had been treated 
by the second Beck operation of aortic-coro- 
nary sinus anastomosis. The mortality in 
two other groups previously subjected 
either to constriction or occlusion of the 
coronary sinus was 30 and 40 per cent 
respectively. 

Ligation and division of the great cardiac 
vein can ordinarily be accomplished in dogs 
without mortality. In our own hands no 
animals were lost from this procedure. Com- 
plete occlusion of the coronary sinus is 
attended with some risk. Gross and his as- 
sociates (9, 10) lost from 33 to 59 per cent 
of animals as a result of ligation or con- 
striction of the coronary sinus. In the hands 
of Beck and Mako (3), however, the mor- 
tality from coronary sinus occlusion in 
healthy dogs was only 2 per cent. 

It was a surprising and striking observa- 
tion that animals subjected to the operative 
control of simple pericardiotomy did as well 
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TABLE III.—FLOW, PRESSURE, AND INJECTION 
STUDIES PERFORMED 24 HOURS AFTER CORO- 
NARY ARTERY DIVISION 

Filling of left 
anterior descending 

Distal coronary artery distal to 
pressure in mm. He point of ligation 


Retrograde flow 


No. of dog in c.c./min. 


UNTREATED CONTROL ANIMALS : = 
vg, oie 1.0 70/25 0 

chy 1.8 54/18 a 

ae 0.7 35/9 ++ 

2A. 0.3 12/5 sigs 
3A... 1:3 44/19 ++ 
4A... — _ + 
Average 1.0 43/15 _ 


ANIMALS WITH PREVIOUS LIGATION GREAT CARDIAC VEIN 
So) Se 1.4 52/21 ++ 
660.... 4.0 73/20 ++ 
655... ; - — teste 
fk See ane 3 58/12 +4+4+ 
Leer : 64/21 ++ 
Average a2 62/19 — 


: ANIMALS WITH PREVIOUS PERICARDIOTOMY__ 
G8B6.... 2.0 32/10 ++ 
689... 1.3 41/18 at 
cj nie 3.2 51/22 +++ 
it Cee 10.0 61/18 eee 
TOD suas 3.3 48/21 +++ 
Average... 3.8 47/18 -- 


following interruption of the anterior de- 
scending branch of the coronary artery as 
did animals previously subjected to ligation 
of the great cardiac vein. The over-all mor- 
tality in these two groups was 38 and 33 per 
cent respectively, as compared with the con- 
trol mortality of 63 per cent. When the 
animals are eliminated in which there was 
anomalous origin of the septal artery so that 
blood flow into it was also interrupted by 
division of the anterior descending branch 
of the coronary, the mortality in these same 
two groups was 27 and 12% per cent re- 
spectively, as compared with a mortality in 
the control group of 53 per cent. The mor- 
tality in those animals with septal artery 
occlusion was 100 per cent in the controls, 
75 per cent in those with vein ligation and 
60 per cent in those with pericardiotomy. 
The infarcts in the animals which survived 
were found to be small both in the animals 
which had been subjected to ligation of the 
great cardiac vein and in those which had 
been treated previously by simple pericardi- 
otomy, while the animals which survived 
cornary artery ligation without prior opera- 
tion had large areas of infarction. 


In very few of the reported studies have 
observations been made with operative con- 
trols. It is of interest that in the experi- 
ments of Gross and his associates (9, 10) the 
attempt to constrict or occlude the coronary 
sinus was unsuccessful in 13 animals and in 
this group the infarcts were smaller than 
in the control animals and the area of avas- 
cularity evident on injection studies was also 
smaller. The mortality, too, was less in these 
animals than in the controls, the values being 
29 and 55 per cent respectively. Somewhat 
conflicting results have been reported from 
a study of the collateral circulation by meas- 
urement of peripheral coronary artery pres- 
sure and flow in animals subjected to peri- 
cardiotomy or ‘“‘sham”’ operations. Bakst and 
his co-workers observed slight increases in 
peripheral coronary flow in animals with 
previous nondescript cardiac surgery, but 
concluded that ‘‘nondescript cardiac sur- 
gery per se, does not noticeably stimulate an 
increase in interarterial coronary collateral 
flow.” Blumgart and his associates studied 
the collateral circulation in pigs by the 
lead agar injection technique after periods 
of time up to 7 days following the sham 
operation. They found no evidence of in- 
crease in collateral flow. Beck and Leighnin- 
ger (2) reported significant increases, how- 
ever, 4 and 5 weeks after sham operations. 
The peripheral coronary flows had increased 
from an average of 3.8 cubic centimeters per 
minute to an average of 6.8 cubic centi- 
meters per minute. The average flows in 
animals previously subjected to the first Beck 
operation (coronary sinus constriction, ab- 
rasion of epicardium and pericardium, and 
instillation of shredded asbestos) were 8.9 
cubic centimeters per minute. 

In our experiments immediate measure- 
ment of retrograde flow from the distal end 
of the divided artery revealed no significant 
differences between untreated control ani- 
mals, animals subjected previously to liga- 
tion of the great cardiac vein, and animals 
which served as operative controls. On the 
other hand, the same study carried out 24 
hours after arterial ligation demonstrated 
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greater flows in the treated group and the 
operative controls. Retrograde filling of the 
distal segment of the anterior déscending 
branch was not appreciably greater in these 
two groups than in the controls when studied 
immediately after ligation but was signifi- 
cantly greater when the injection was made 
24 hours later. Pressures in the distal coro- 
nary artery were not clearly higher in 
treated and operative control groups than 
in the untreated controls when measured 
either immediately or 24 hours after liga- 
tion, 

The demonstration in this study that the 
operative control of simple pericardiotomy 
affords substantially the same protection 
against ligation of the anterior descending. 
branch of the left coronary artery at its 
origin as occlusion of the coronary vein does 
not indicate lack of significance of the ob- 
served protection from either procedure. On 
the other hand, it suggests that relatively 
tivial cardiac manipulations may bring 
aout increased likelihood of survival after 
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Fic. 5. Retrograde injection studies illustrating grading system used, a, 0; b, +; c, ++; d, +++. 


coronary ligation through more effective 


intercoronary collateral circulation. The 
greater retrograde coronary flows and the 
better retrograde filling on injection studies 
observed in these two groups 24 hours after 
artery ligation as compared with the con- 
trols are indicative of improved intercoro- 
nary circulation. 

The need for carefully studied operative 
controls in estimating the worth of any surgi- 
cal procedure under study is apparent. 

The observations made in this study add 
weight to the growing belief that the major 
protection afforded by a variety of surgical 
procedures against ligation of the coronary 
artery results from better intercoronary col- 
lateral circulation rather than from new 
blood supply brought to the heart from 
without. 


SUMMARY 


Previous ligation of the great cardiac vein 
or simple pericardiotomy substantially re- 
duce the mortality from division of the an- 
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terior descending branch of the left coro- 
nary artery at its point of origin. The infarcts 
in surviving animals are noticeably smaller 
in these two groups. Studies carried out 24 
hours after coronary artery ligation demon- 
strate greater retrograde blood flows from 
the distal artery in these groups than in un- 
treated controls and injection studies reveal 
better retrograde filling of this arterial seg- 
ment. The evidence points to better inter- 
coronary artery communications as the ex- 
planation for the protection which is 
afforded. 
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STRUCTURAL COMPONENTS OF URETERAL 
ENLARGEMENT CAUSED BY OBSTRUCTION 


N.S. R. MALUF, Ph.D., M.D., and BELA HALPERT, M.D., Houston, Texas 


CLINICAL AND EXPERIMENTAL DATA indicate 
that obstruction to the flow of urine through 
the ureter results in thickening of its muscu- 
lar coat proximal to the obstruction. The tu- 
nica muscularis of the ureter is essentially a 
sheet of circularly arranged smooth muscle 
fibers. It is capable of rhythmic contraction 
and relaxation even when separated from the 
nervous system. As is characteristic of smooth 
muscle, the ureter can be caused to contract 
by stretch, which is its natural stimulus. ‘The 
force of contraction, within limits, will vary 
with the stretch; that is, with the tension 
within the lumen. Obstruction at the distal 
end of the ureter will increase the intralumi- 
nal tension and thus augment the stretch of 
its muscle. This will lead, if maintained, to 
work-hypertrophy of the ureteral muscle. 

It has been our impression that the ob- 
structed human ureter has not only an en- 
larged tunica muscularis but also a thickened 
lining, thatis, urothelium and tunica propria. 

The present study was undertaken to as- 
certain whether the urothelium and the tuni- 
ca propria undergo enlargement when the 
ureter is obstructed and, if so, whether the 
enlargement is the result of cellular prolifer- 
ation or cellular hypertrophy. Furthermore, 
it was desired to investigate the structural 
features of enlargement of the muscular coat. 
By enlargement is meant “‘getting bigger” 
without indicating whether this occurs by 
cellular proliferation, that is, hyperplasia; by 
growth in cellular size, that is, hypertrophy; 
or by both. 

METHOD 

Partial obstruction of the right ureter at its 
cistal end was produced in 30 dogs. Eighteen 

From the Section of Urology, Department of Surgery, and De- 


p -tment of Pathology, Baylor University College of Medicine 
ad Veterans Administration Hospital, Houston, Texas. 


animals (series E, F, and G) had undergone 
relief of the obstruction after 10 to 14 days 
with division and effective end-to-end anas- 
tomosis of the lower lumbar portion of the 
ureter proximal to the relieved obstruction. 
In all these instances dilatation of the ureter 
was as extensive distal to the anastomosis as 
it was proximal. These animals were sacri- 
ficed between 7 and 10 weeks after the anas- 
tomosis. In the present study the anastomo- 


HYPERTROPHY OF THE URETER 





°o 

y 
2 e-Sroxumal to 
N @r arias lomosis 
~~ o-istalto . 
3 anastomosis 

50+ 
. ° 
$ ‘ 
' #0 r 
tal 
S| 

1 
3 /0OF e ° ° 
S @ % 
N ° — ee *°o 6 
as i. © oo 
S me a. °° ° °. aa® 2 r4 ~~ ° “a 
& 

§ oF 20 04 \Mee DO ?. & 














Urothelium Turucapropria Tunica muscularis 

Fic. 1. Ratio of cross-sectional areas (right ureter to left 
ureter) of urothelium, tunica propria, and tunica muscu- 
laris. Enlargement of the right ureter was caused by ap- 
plication of a tantalum clamp to its distal end for 10 to 
14 days. The animals were sacrificed 7 to 12 weeks after 
removal of the clamp. At time of removal of clamp the 
right ureter was divided proximal to the site of obstruc- 
tion and reanastomosed end-to-end. The black circles in- 
dicate cross-sectional ratios proximal to the anastomosis; 
the white indicate cross-sectional ratios distal] to the anas- 


tomosis. 
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Fic. 2. Photomicrographs at low magnification of cross sections of enlarged (right) and normal 
control (left) ureter. a, dog G-5, right; b, dog G-5, left; c, dog F-5, right; d, dog F-5, left; e, dog F-2, 
right; f, dog F-2, left; g, dog H-8, right; h, dog H-8, left. a to f, inclusive, were photographed at the 
same magnification; g and h were photugraphed at the same magnification but higher than that 
of a to f. m, Tunica mvscularis; ¢, tunica propria; u, urothelium. 


sis, as such, is immaterial; it is described in 
detail by Maluf and Halpert (1956).! Twelve 
other dogs (H series) were killed between 3 
days and 3 weeks after application of the ob- 
structing tantalum clamp to the distal end of 
the right ureter. No interval of ureteral re- 
covery from obstruction was permitted in 
the H series. 

Microscopic preparations of cross sections 
of the enlarged (right) ureter and of the cor- 
responding segment of the normai (left) ure- 
ter were prepared with Masson’s trichrome 


stain to clearly differentiate connective tissue 


1Matur, N.S. R., and Hatpert, BELA. Experimental evalua- 
tion of three types of end-to-end ureteroureterostomy. Am. J. 
Obst. Gyn., in press. 


(blue) from muscle (red). Duplicate prepa- 
rations were stained with hematoxylin and 
eosin. The sections were 8 microns thick. 
Cross sections of the Masson preparations 
were projected on the ground-glass screen of 
the microscope. The boundaries of the tunica 
muscularis, of the tunica propria, and of the 
urothelium were traced on paper and the 
areas of each of these layers were measured 
by a planimeter. The enlarged right ureter 
was compared with the normal left ureter of 
the same animal at the same midlumbar leve! 
in all 30 animals. The width and length of 
many urothelial cells in the midportion of 
each preparation were measured by ocular 
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Fic. 3. Photomicrographs of smaJl area of circular muscle of enlarged ureter (right) and control 
ureter (left) under high power magnification. Each interval between the minor lines of the ocular 
micrometer equals 26 microns. a, dog F-1 (right ureter); b, dog F-1 (left ureter); c, dog F-5 (right 


ureter); d, dog F-5 (left ureter); n, muscle nuclei. 


micrometer using the oil-immersion objec- 
tive and a magnification of X 970. The width 
and length of the muscle nuclei were simi- 
larly measured. Cells in mitosis were looked 
for at the same magnification throughout the 
urothelium of each cross section. 


RESULTS 


Distal obstruction of the ureter resulted in 
enlargement of each of the three layers of the 
ureter: urothelium, tunica propria, and tu- 
nica muscularis (Figs. 1 and 2). The ratio of 
the cross-sectional area of the urothelium, 
turica propria, and tunica muscularis of the 
en arged (right) ureter to the control (left) 


ureter revealed at least as great relative en- 
largement of the urothelium and of the tuni- 
ca propria as of the tunica muscularis (Fig. 1). 
In a few control ureters the urothelial en- 
largement was excessive, far exceeding that 
of the muscularis (Fig. 1). 

The muscular component of the ureter is 
essentially a coat of circularly disposed mus- 
cle fibers. The width and length of the nuclei 
of these muscle cells enlarged with obstruc- 
tion (Fig. 3). Thus, enlargement of the mus- 
cular tunic may be explained by hypertrophy 
of the individual muscle cell. There was no 
increase of connective tissue in the muscular 
layer. Enlargement of the tunica propria con- 
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Fic. 4. Photomicrographs of portions of urothelium of enlarged ureter (right) and control ureter 
(left) under high power magnification. Each interval between the minor lines of the ocular microme- 
ter equals 26 microns. a, dog F-1 (right ureter); b, dog F-1 (left ureter); c, dog F-5 (right ureter); 
d, dog F-5 (left ureter); e, dog G-5 (right ureter); f, dog G-5 (left ureter). 
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Fic. 6. 


Fic. 5. Photomicrograph of a small area of urothelium 
from the enlarged right ureter of dog H-8 under high 
power magnification showing a mitotic cell, m. (See Fig. 
2g for the enlarged ureter and its hyperplastic urothelium. ) 

Fic. 6. Kidneys, ureters, and bladder of dog E-4, in situ. 


sisted of an increase in connective tissue and 
blood capillaries. The tunica propria was 
strikingly more vascular than that of the con- 
trol ureter. The long and short diameters of 
urothelial cells and of their nuclei were the 
sarne in the ureter enlarged by obstruction 
as in the control ureter (Fig. 4). Enlarge- 
ment of the urothelium, caused by obstruc- 
tion, is thus due solely to cell division, that is, 


The lateral body wall and the abdominal viscera had been 
excised leaving the posterior body wall, kidneys, and ure- 
ters undisplaced. a, Ureteroureteral anastomosis 6 weeks 
postoperatively; /k, left kidney; rk, right kidney; u, right 
ureter; v, bladder. 

Fic. 7. a, Photomicrograph of cross section of right ure- 
ter of dog E-4 under low magnification (see Fig. 6 for 
gross specimen). s, Segment of ureter free from the tunica 
muscularis. b, Photomicrograph of portion of cross section 
of right ureter of dog E-4, under moderate magnification. 
m, Tunica muscularis; p, papillary intraluminal projec- 
tion of one end of the ruptured layer of circular muscle 
(the arrows show its location in the cross section of the 
entire ureter); ¢, tunica propria; u, urothelium complete- 
ly covering the severed margin of the tunica muscularis. 


hyperplasia. The amount of hyperplasia that 
the urothelium undergoes may be quite strik- 
ing, as seen in the cross sections in Figure 2. 

Two dogs were subjected to right lower 
ureteral obstruction and sacrificed after 3 
days. Both underwent slight enlargement of 
all ureteral components proximal to the ob- 
struction. There were 2 to 5 cells in mitosis 
in the urothelium per cross section of ureter 
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proximal to the obstruction. In the left con- 
trol ureter no mitosis was seen. Ureters par- 
tially obstructed for 9 to 12 days (6 dogs) be- 
came strikingly enlarged. The cross-sectional 
area of each component was doubled to quad- 
rupled during that interval. The number of 
cells in mitosis in the urothelium were 3 to 4 
per cross section of ureter. A cell in meta- 
phase, in the urothelium of a ureter ob- 
structed for 9 days, is shown in Figure 5. In 
no instance was a cell in mitosis seen in the 
urothelium of the control ureter nor was a 
cell in mitosis observed in the urothelium of 
a ureter several weeks after relief of obstruc- 
tion (18 dogs). 

Notable regression of all ureteral compo- 
nents toward normal, 4 to 6 weeks after re- 
lief of several days of obstruction, occurred 
even in advanced hydroureter. The muscu- 
lar layer regressed more rapidly toward nor- 
mal than the urothelium. This was ascer- 
tained by comparing the right to left ratio of 
each of the three components of the ureter in 
dogs sacrificed immediately after relief of ob- 
struction with those sacrificed 6 weeks after 
relief of obstruction. 

A remarkable phenomenon occurred in an 
excessively and practically irreversibly di- 
lated ureter which crossed well over the ani- 
mal’s midline (Fig. 6). Cross sections of this 
ureter, 3 months after removal of the tanta- 
lum clamp which had been left on for 8 days, 
revealed that the hypertrophied circular mus- 
cle had ruptured and that the severed ends of 
this muscle were separated by an arc of one- 
quarter the circumference of the dilated ure- 
ter (Fig. 7a) and were fully covered by uro- 
thelium (Fig. 7b). This change apparently 
would be irreversible. We are not aware that 


such a change has been observed in nian. 
Human ureters, dilated subacutely to 2 or 2.5 
centimeters in outer diameter by a pelvic car- 
cinoma disclosed a hypertrophied but intact 
tunica muscularis. 


SUMMARY 


1. The right ureter, enlarged by induced 
partial obstruction, was compared with the 
normal left ureter in each of 30 dogs. 

2. Planimetric and micrometric measure- 
ments disclosed that enlargement or ‘“‘hyper- 
trophy” of the ureter secondary to obstruc- 
tion consists of hyperplasia of the urothelium 
and tunica propria and of hypertrophy of the 
tunica muscularis. 

3. These changes were evident as early as 
at 3 days of obstruction. Earlier intervals were 
not studied. 

4. Cells in mitosis in the urothelium were 
seen at 3 days of obstruction and appeared 
to reach their maximum at about 10 days of 
obstruction. No mitosis was seen in the uro- 
thelium of the control, left ureter, nor in the 
urothelium of the ureter a few weeks after 
obstruction. 

5. After removal of the obstruction there 
was some regression toward normal of all 
three layers, especially of the tunica muscu- 
laris. 

6. In 1 instance 8 days of obstruction re- 
sulted in considerable ureteral dilatation. Mi- 
croscopic examination of the ureter of the 
animal 12 weeks after removal of the ob- 
struction disclosed that the tunica muscularis 
was absent in one-fourth of the ureteral cir- 
cumference and also that the ends of the 
severed circular muscle were covered by uro- 
thelium. 





MEDICAL MANAGEMENT OF THE OBSTRUCTIVE 
COMPLICATIONS IN PEPTIC ULCER 


| EDWARD A. MARSHALL, M.D., F.A.C.P., MORTON SASS, M.D., and 
| HENRY BROWN, M.D., F.A.C.S., East Cleveland, Ohio 


MEDICAL MANAGEMENT of the obstructive 
' complications of peptic ulcer is directed, 
first, toward the discovery of an efficacious 
» method for the immediate relief and defini- 
' tive care of this serious entity, second, to the 
| discovery of the best method to differentiate 
» the medical (nonstenotic) from the medical 
' refractory (surgical, stenotic) obstructions, 
' and, third, to the discovery of a method 
' which would significantly affect the recur- 
rence rate. The treatment of this complica- 
tion with its gastric retention, anorexia, 
' continuous or intermittent pain, nausea, 
vomiting, weakness, and weight loss has al- 
| ways been recognized as a critically difficult 
' problem to the extent that many physicians 
regard a great percentage of these cases as 
_ medically irreparable, mechanical problems 
» amenable only to surgery. If a large group 
_ of ulcer patients with obstructive complica- 
| tions is available and subject to recall evalua- 
tions over a period of years, a medical thera- 
| peutic method could be significantly ap- 
| praised as to its efficacy. 

_ The purpose of this article is to present a 
_ method of treatment with a statistical analy- 
» sis of 201 peptic ulcers with obstruction. 
These complications were found in a series 
» of 1,500 positive cases confirmed by x-ray 
_ examination. 

_ Various degrees of obstruction occur in 
| 10 to 30 per cent of all ulcer patients. The 
| early recognition and immediate institution 
| of adequate, effective therapy is as important 
| in this complication as in the presence of 
| hemorrhage and perforation. It has been 
| clinically and experimentally demonstrated 


| From the Departments of Internal Medicine and of Surgery, 
; and the Marshall Research Foundation, Huron Road Hospital, 
East Cleveland, Ohio. 


that even partial stenosis delays healing of 
peptic ulcer and that recurrences are more 
frequent in patients with persistent reten- 
tion. The physiologic basis for these facts is 
evidently due to the combination of pro- 
longed mechanical and chemical (hyper- 
acidity) trauma. Since most obstructive 
complications of peptic ulcer present a par- 
tial to complete spasmatic closure of the 
pylorus, it would seem that any description 
of this phenomenon being due to edema is 
not physiologically sound. 

It is our belief that this complication 
represents an attempt on the part of the 
body to protect itself from its own corrosive 
acid peptic activity. This pathophysiologic 
concept is applicable not only to the obstruc- 
tive complications of duodenal and gastric 
ulcers, but also to the 10 per cent of gastro- 
enterostomy stoma which obstruct almost 
entirely because of anastomotic (marginal) 
ulcers subject to the same prolonged me- 
chanical and chemical trauma as the orig- 
inal ulcer. The only way to determine to 
what extent gastric retention is due to spasm 
and chemical inflammation with its vascular 
engorgement and edema or to cicatrization 
is to treat this complication medically. This 
clinically accepted fact has led to numerous 
errors in diagnosis because of the applica- 
tion of inadequate therapy. 

The physiologic basis of this procedure is 
the immediate administration and adequate 
maintenance of a pharmacologically effec- 
tive antacid sedative treatment, sufficient to 
elevate the hydrogen ion concentration con- 
tinuously, preventing acid peptic activity 
from destroying all of the continuously form- 
ing fibroblasts and thus permit granulation 
and eventual epithelization of the ulcer. If 
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we accomplish this objective in the face of 
obstruction, there is immediate loss of spasm, 
mechanical and chemical trauma, and 
symptoms. The question of adequacy and 
relative effectiveness of any therapeutic 
method is answered only by submission of 
evidence regarding the time of disappear- 
ance of symptoms and rate of disappearance 
of abnormalities demonstrable by x-ray ex- 
amination. We believe now that the ade- 
quacy of this immediate therapy can be 
ascertained if the patient can eat an un- 
restricted diet in 24 hours without distress, 
that is, any symptom after 24 hours while 
on therapy, on an unlimited diet, is definite 
evidence of inadequate treatment. 

In this series there were 172 duodenal, 6 
marginal, 21 gastric, and 2 combination 
duodenal and gastric ulcers. Of these pa- 
tients, 96.6 per cent were able to eat an un- 
restricted diet 24 hours after therapy was 
started. There were 3.4 per cent medical 
failures. We thought it significant that 6 of 
our 7 cases of failure were in patients over 
60 years of age with a prolonged history of 
ulcer with gastric retention. This finding, 
we believe, stresses the significance of early 
recognition and immediate adequate ther- 
apy, insufficient period of suction or failure. 
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The medications used in the method to be 
described are not new but it is their method 
of administration which constitutes an ade- 
quate physiologic and clinical answer to the 
problem of effective neutralization and seda- 
tion. The drugs used are: aluminum hy- 
droxide, calcium carbonate, magnesium 
oxide, phenobarbital, and atropine sulfate 
in combination tablets. Aluminum hydrox- 
ide has proved consistently, experimentally, 
and clinically, to be an excellent neutralizer 
of acid but one must reckon with its ability 
to constipate by using a combination of 
magnesium oxide and calcium carbonate so 
that the magnesium oxide effects pre- 
dominate. These three nonabsorbable ant- 
acids are pharmacologically the most effec- 
tive of all antacids, that is, per unit they 
will neutralize more acid than all others. 
The most efficient, cheapest, least toxic 
sedative is phenobarbital. Atropine sulfate 
is the drug of choice for vagus sedation. In 
the use of this drug, only 0.9 per cent demon- 
strated sufficient side effects to warrant re- 
duction of the doses employed. These are 
the only drugs used in our regimen and are 
prepared in 3 tablets which disintegrate 
rapidly in any fluid media and consist of 
the following: 


TABLETS 


No. 1—Aluminum hydroxide 

No. 2—Calcium carbonate 
Magnesium oxide 
Phenobarbital 
Atropine sulfate 

No. 3—Calcium carbonate 
Phenobarbital 
Atropine sulfate 


+65 gm. 
5 gm. 

.25 gm, 
.016 gm. 
-0002 gm. 
.65 gm. 
.016 gm. 
.0002 gm. 


Before discussing the procedure and 
method of administration of the described 
medications, there are two dogmas regard- 
ing administration which must be stressed: 
(1) Adequate therapy demands and de- 
pends upon the administration of pharma- 
cologically effective antacid sedative drugs 
frequently and for a prolonged period. (2) 
Night therapy is imperative, especially in 
this complication, for the control of excessive 
nocturnal gastric secretion. 
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PROCEDURE 

Following thorough examination and 
establishment of a definite diagnosis of ob- 
struction, gastric contents are extracted im- 
mediately by intubation for a considerable 
period, as a therapeutic and adjunctive di- 
agnostic measure. Following complete emp- 
tying, the tube is withdrawn. Nothing in the 
nature of oral feedings is permitted during 
the first 24 hours. If there has been excessive 
vomiting with the development of dehydra- 
tion, hypochloremia, or alkalosis, parenteral 
fluids are administered immediately. 

In the first 24 hours, aluminum hydrox- 
ide, 20 grains (2 No. 1 tablets), is adminis- 
tered every half hour for 16 hours during 
the day and 40 grains (4 No. 1 tablets) 
every hour for the next 8 hours at night. In 
addition, 1 No. 2 tablet and 1 No. 3 tablet 
are given along with the aluminum hydrox- 
ide every half hour during the day for 16 
hours and every hour for 8 hours at night. 
This constitutes our classification of ““heavy” 
therapy (Fig. 1). 

Beginning with the second day, therapy is 
reduced to an “ambulatory” schedule and 
the patient is placed on an unrestricted, 
sometimes low fat, diet. Ambulatory treat- 
ment consists of aluminum hydroxide, 20 
grains (2 No. 1 tablets), every half hour for 
16 hours a day, followed by 40 grains (4 No. 
1 tablets) and 1 glass of milk at bedtime and 
in 2 and 4 hours after retiring. One No. 2 
tablet is administered every 2 hours on the 
odd hour during the day (9 tablets daily) 
(Fig. 2). 

If the patient has unstable colon symp- 
toms so that the No. 2 tablet causes diar- 
rhea, a No. 3 tablet may be substituted as 
often as necessary. Milk is used as an adjunct 
at night for it dilutes and neutralizes acid 
and also furnishes an excellent fat stimulus 
for enterogastrone formation, especially 
necessary at night. Ambulatory therapy 
with unrestricted diet is continued for 414 
months. We have found throughout this 
investigation that when therapy was re- 
duced or time shortened, our recurrence 
rate rose both as to the number of recurrent 
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cases and as to the interval betwéen interrup- 
tion of therapy and recurrence. 

Following cessation of therapy, only 10 
patients in this series had recurrent obstruc- 
tive complications and were again placed 
on treatment. There were 18 cases of recur- 
rence of uncomplicated ulcer in the series 
from 14 to 65 months following cessation of 
therapy despite the fact that the patients 
were on an unrestricted diet and antacids 
had been discontinued. 

In adapting this method of therapy to 
this complication we are cognizant of the 
objection that occurs to most observers: the 
toxic or side effects or the heavy doses of 
phenobarbital and atropine. Heavy therapy 
does constitute considerable amounts of 
phenobarbital and it is true that during the 
administration of heavy therapy many pa- 
tients are well sedated the first 24 hours, but 
it must be remembered that: first, in this 
complication adequate sedation is definitely 
clinically indicated; second, we do not find 
blood levels which would indicate complete 
absorption of the administered doses and 
believe that in this alkaline media all pheno- 
barbital and atropine ingested is not ab- 
sorbed; third, it is significantly surprising 
that a vast majority can talk, walk, co- 
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herently comply with instructions both at 
home and in the hospital. The amount of 
atropine in heavy therapy is also greater 
than usually used and glaucoma as a con- 
traindication must be kept in mind. Less 
than 5 per cent of ileus, urinary retention, 
or atropine psychosis was encountered in 
this series. There were 7 (3.4 per cent) pa- 
tients who did not respond to 24 hour 
heavy therapy. These cases were classified 
as medical failures. Upon surgical explora- 
tion all revealed posterior pancreatic pene- 
tration as well as obstruction on an inflam- 
matory basis. Among these 1,500 cases there 
were only 14 instances of true cicatricial 
stenosis which means that only 6.5 per cent 
of peptic ulcers with obstructive complica- 
tions are due to true stenosis. ‘This conclusion 
directly contradicts the opinion that most 
obstructive peptic ulcers are irreparable, 
mechanical surgical problems. 


SUMMARY 


A method of medical management of the 
obstructive complication of peptic ulcer is 
presented. The physiologic and pharma- 
cologic rationale is clarified, stressing the 
definite necessity of adequate, effective seda- 
tion and neutralization of acid peptic ac- 
tivity, emphasizing the significance of night 
treatment because of excessive nocturnal 
gastric secretion, and introducing the ad- 
vantages and importance of unrestricted 
diet in this complication. This investigation 
was directed toward the discovery of an 
efficacious method, first, to provide im- 
mediate relief and definitive care of this 
complication, second, to differentiate rapidly 
the medical cases from the surgical cases, 
and, third, to affect the high recurrence 
rate. 

A statistical analysis of 201 x-ray positive 
ulcers with obstructive complications is 
given. Of these, 172 were duodenal, 21 were 
gastric, 6 were marginal, and 2 were com- 
bination gastric and duodenal ulcers. This 
investigation was carried on over a period 
of 8 years. One hundred ninety-four (96.6 
per cent) patients responded to heavy medi- 
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cal therapy in the first 24 hours and were 
placed on an unrestricted diet with the con- 
tinuation of the ambulatory regimen de- 
scribed. Cicatricial (surgical) stenosis oc- 
curred in only 6.5 per cent of the obstructive 
complications. Seven (3.4 per cent) fell into 
the category of medical failures in that 
these patients did not respond to therapy 
and all revealed posterior pancreatic pene- 
tration without cicatricial stenosis at sur- 
gery. Six of these 7 cases were in patients 
over 60 years of age with prolonged peptic 
ulcer history associated with persistent 
gastric retention. 

Follow-up evaluations were obtained on 
those patients who had been observed from 
2 to 6 years following cessation of therapy. 
We were able to contact 143 cases. Of these, 
there were 10 cases (6.9 per cent) of recur- 
rent ulcers with obstructive complications 
and 18 (12.6 per cent) cases of uncompli- 
cated recurrent ulcer. These recurred from 
14 to 65 months following cessation of 
therapy. In 115 cases (80.4 per cent) the 
ulcers have not yet recurred. 


CONCLUSIONS 


1. Over 90 per cent of the obstructive 
complications of peptic ulcer are medically 
salvable problems and are due to spasm and 
chemical (acid peptic) irritation. 

2. The physiologic basis of therapy of the 
complication is directed toward adequate 
effective neutralization of acid peptic ac- 
tivity in the gastric content. This adequacy 
depends upon and necessitates the adminis- 
tration of pharmacologically effective ant- 
acid sedative drugs frequently and for a 
prolonged period. 

3. The attainment of this goal of pro- 
longed effective neutralization definitely 
lessens the recurrence rate of complicated 
and uncomplicated ulcers, both as to the 
number of recurrences and the interval of 
time between cessation of therapy and 
recurrence. 

4. Night therapy is imperative in this 
complication for the control of excessive 
nocturnal gastric secretion. 
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5. Obstructive complications of peptic 
ulcer can be readily differentiated thera- 
peutically, separating the medical from the 
medical refractory (surgical) obstructions. 

6. Early recognition and immediate in- 
stitution of adequate effective treatment is 
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as important in this complication as in the 
hemorrhage and perforating complications 
for even partial stenosis delays healing of 
peptic ulcer, and recurrences and medical 
failures are more frequent in patients with 
persistent retention. 


HEMODYNAMIC EFFECTS AND CLINICAL APPLICATION 
OF A MIXTURE OF VERATRUM AND 


RAUWOLFIA ALKALOIDS 


J. VOSKIAN, M.D., N. S. ASSALI, M.D., and L. NOLL, M.D., Los Angeles, California 


DuRING THE LAST FEW YEARS, there have 
been some changes in our concept of treat- 
ing toxemia of pregnancy. These changes 
have been due largely to a better under- 
standing of the main pathophysiologic fac- 
tors involved in this disease. The acceptance 
by many investigators of vasoconstriction 
and increased peripheral resistance as being 
predominant underlying phenomena in most 
hypertensive states placed more emphasis on 
the use of vasodilator drugs in the therapy 
of toxemia. This shift has led to a continuous 
development of more and more pharmaco- 
logic agents which would have minimal side 
effects, yet possess the ability to reduce the 
vasoconstriction and improve the blood flow 
to the various organs. The pharmacology 
and the hemodynamic effects of most of these 
agents have been recently reviewed by one 
of us and the reader may refer to this review 
for further information (1). 

The present studies concern the hemo- 
dynamic effects of a mixture of veratrum 
and rauwolfia alkaloids. Previous studies 
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from this department (4) have shown that 
the rauwolfia alkaloid (reserpine) possesses 
a definite hypotensive action which becomes 
evident 45 to 60 minutes after intravenous 
injections of doses of 5 milligrams or more. 
The fall in blood pressure is usually accom- 
panied by somnolence, nasal and conjunc- 
tival congestion, and in some instances a cer- 
tain degree of mental depression or anxiety. 
On the other hand, it has been shown re- 
peatedly that the intravenous injection of 
veratrum alkaloids produces a rapid fall in 
blood pressure followed by nausea, vomiting, 
perspiration, and epigastric burning. 

In view of the disturbing manifestations 
peculiar to both veratrum and rauwolfia al- 
kaloids we thought that a combination of the 
two agents together in small doses might 
minimize the incidence of their side effects 
yet might have an additive or synergistic ac- 
tion on the blood pressure. Thus, the present 
paper deals with: (a) The hypotensive ef- 
fects of veratrum alkaloids and reserpine ad- 
ministered separately and in combination to 
the same group of individuals, (b) the hemo- 
dynamic properties of a mixture of the vera- 
trum alkaloid (cryptenamine) and reserpine, 
and (c) the clinical application of this mix- 
ture. 
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TABLE I.—AVERAGE PERCENTAGE OF FALL IN 
BLOOD PRESSURE AND PULSE RATE AFTER IN- 
TRAVENOUS INJECTIONS* 


Systolic B.P. Diastolic B.P. 
Dose mm. Hg, mm. Hg, Pulse 
Drug in mgm. per cent per cent per cent 


Veratrum..... 0.1 10 14 10 
Veratrum..... 0.2 21 25 27 
Reserpine..... 25 8 13 1 
Reserpine... .. 5.0 22 28 5 
Mixture 0.1t 38 40 35 
Zot 

*(a) 0.1 mgm. and 0.2 mgm. of veratrum alkaloids; (b) 2.5 mgm. 
and 5 mgm. of reserpine; and (c) mixture of 0.1 mgm. of veratrum 
and 2.5 mgm. of reserpine. 

¢Veratrum. 

tReserpine. 


MATERIAL AND METHODS 


The studies were carried out on 38 preg- 
nant patients distributed as follows: 4 nor- 
motensive subjects, 27 patients with pre- 
eclampsia, 4 patients with convulsive tox- 
emia, and 3 patients with essential hyper- 
tension. The duration of pregnancy varied 
from 26 to 38 weeks. All patients were at bed 
rest in the hospital prior to and during the 
administration of the drugs. In order to ob- 
serve spontaneous variations in blood pres- 
sure and pulse rate, these were recorded fre- 
quently for 1 to 2 days prior to the injection 
of the drugs. | 

The studies were divided into three parts: 
establishment of an effective dose of a mix- 
ture of veratrum alkaloids and reserpine; 
studies of the hemodynamic effects of this 
mixture; and its clinical application. 

Part I. Establishment of an effective dose of a 
mixture of reserpine and veratrum alkaloids. This 
part of the study was carried out on 7 pa- 
tients with pre-eclampsia as follows: 

1. On the day of the testing procedure, an 
intravenous infusion of 5 per cent glucose in 
water was started. Control readings of blood 
pressure and pulse rate were then taken 
every 2 to 4 minutes for about 20 minutes; 
the average of all these readings served as 
the mean control blood pressure and pulse 
rate. Thereafter, effective doses of the vera- 
trum alkaloids protoveratrine and cryptena- 
mine! or one-half of these doses (effective 
dose as employed clinically) were injected 


'The usually employed intravenous doses of protoveratrine are 
0.1 to 0.2 milligram and of cryptenamine are 0.5 to 2 milligrams. 
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through the infusion tubing; blood pressure 
and pulse rate were recorded every 1 to 2 
minutes for 15 minutes and every 5 to 10 
minutes until the blood pressure returned to 
control values. 

2. After 2 to 3 hours had elapsed and the 
blood pressure had returned to preinjection 
levels, the same procedure was repeated, and 
instead of veratrum, reserpine in doses of 2.5 
or 5 milligrams was given through the infu- 
sion tubing. Blood pressure and pulse rate 
were recorded every 5 to 10 minutes for the 
first hour and every 30 to 60 minutes until 
blood pressure returned to control values. 

3. On the following day when the effects of 
reserpine injection had presumably sub- 
sided, the same procedure was repeated with 
the intravenous injection of a mixture of 0.1 
milligram of veratrum alkaloids, (proto- 
veratrine) and 2.5 milligrams of reserpine. 
Following the injection of this mixture, blood 
pressure and pulse rate were recorded every 
1 to 2 minutes for 30 minutes and then every 
15 to 30 minutes until they returned to pre- 
injection levels. 

In all these tests the average of the 3 low- 
est readings of blood pressure and pulse rate 
recorded within the first hour after the injec- 
tion was taken as the response to the drug. 
The incidence and severity of side effects of 
each drug alone or combined were carefully 
recorded. 

Part IT. Studies of the hemodynamic effects of a 
mixture of veratrum alkaloids and reserpine. A 
mixture of veratrum alkaloids (cryptena- 
mine) and reserpine was made up into a so- 
lution each cubic centimeter containing 0.5 
milligram of veratrum alkaloid and 2.5 mil- 
ligrams of reserpine and received the code 
number 1312. The hemodynamic effects of 
this mixture were studied in 10 patients with 
pre-eclampsia, 3 with essential hypertension, 
and 2 normotensive subjects. Each patient 
received from 1 to 10 intravenous doses vary- 
ing from 1 to 1% cubic centimeters repeated 
as often as necessary to keep the blood pres- 
sure close to 140/90 millimeters of mercury. 

Cardiac output before and after intrave- 
nous injection of 1312 was measured in some 
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Fic. 1. Effects on blood pressure and pulse rate of intra- 
venous injections of: a, 0.2 milligram of veratrum alka- 
loid (protoveratrine); b, 5 milligrams of reserpine; and, 
c, a mixture of 0.1 milligram of protoveratrine and 2%4 


patients by the Fick method, and in others 
it was roughly estimated by the formula of 
Starr. Peripheral resistance was calculated 
by the conventional equation. The effects of 
1312 on renal plasma flow (para-aminohip- 
purate clearance) and glomerular filtration 
rate (inulin clearance) were determined by a 
technique previously described (2), except 
that the patients were not hydropenic and 
water instead of osmotic diuresis was used. 
Three to 4 clearances of 20 to 30 minutes 
duration each were determined before, and 3 
to 5 clearances after the intravenous adminis- 
tration of the drug. Renal vascular resis- 
tances were calculated by the formula of 
Gomez. Inulin, P.a.H., sodium, chloride, 
and potassium were analyzed by methods in 
current use in these laboratories. 

Part IIT. Clinical application. This part deals 
with the results observed in pre-eclamptic 
and eclamptic patients who were treated 
with the mixture of veratrum and rauwolfia 
alkaloids. 


RESULTS 


Part I. Effective dose of the mixture veratrum 
alkaloids and reserpine. Intravenous injection 
of 0.1 milligram of veratrum alkaloids (pro- 
toveratrine) resulted in an average fall of 10 
per cent systolic and 14 per cent diastolic 
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milligrams of reserpine. Note the more rapid onset of 
blood pressure fall and the more prolonged hypotensive 
effects which followed the injection of the mixture. Note 
also the difference in the severity of side effects. 


blood pressure. Pulse rate decreased for 
about 10 per cent (Table I). 

Intravenous injections of 0.2 milligram of 
veratrum alkaloids produced an average of 
21 per cent of fall in systolic and of 25 per 
cent in diastolic blood pressure. ‘The average 
fall in pulse rate was 27 per cent (Table I). 
The changes in blood pressure and pulse rate 
occurred 5 to 10 minutes after the injection 
and lasted for 45 to 60 minutes. They were 
accompanied by the usual veratrum side ef- 
fects such as nausea, burning sensation 
around the mouth and in the epigastrium, 
and varying degree of vomiting. These side 
effects were more severe when 0.2 milligram 
rather than 0.1 milligram was administered. 
There was no significant difference between 
the actions of the various veratrum prepara- 
tions employed. 

Intravenous injection of 2.5 milligrams of 
reserpine evoked an average fall of 8 percent 
systolic and 13 per cent diastolic blood pres- 
sure (Table I). The pulse rate remained 
practically unchanged. Intravenous admin- 
istration of 5 milligrams of reserpine resulted 
in an average decrease of 22 per cent in the 
systolic and 28 per cent in the diastolic blood 
pressure (Table I). The decrease in pulse 
rate averaged 5 per cent. These effects be- 
came evident 45 to 60 minutes after the in- 
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TABLE IIl.—CHANGES IN CARDIAC OUTPUT AND PERIPHERAL RESISTANCE FOLLOWING THE INJECTION 
OF 1312 


Blood pressure mm. Hg__ 
Before After 
170/110 140/80 82 
185/112 130/90 72 
196/100 150/96 88 
160/100 120/80 96 
168/104 128/76 86 
150/96 140/90 72 
162/100 120/70 84 
148/90 132/80 82 


Method 
Fick 
Fick 
Fick 
Starr 
Starr 
Starr 
Starr 
Starr 


Patient 


TABLE III.—CHANGES 


ee) 
Before 


Cardiac output, 
—liters /minute_ 
After Before After 


60 5.2 5.8 
45 6.4 6.2 
60 7.8 8.2 
58 4.1 ao 
52 3.8 4.9 
62 5:5 oo 
55 6.2 7.8 
76 4.6 5.4 


—Peripheral resistance 
Before After 
1350 750 
1115 620 
1210 840 
1105 520 
982 430 
970 820 
1312 702 
1012 912 


IN RENAL HEMODYNAMICS INDUCED BY INTRAVENOUS ADMINISTRATION OF 


PRODUCT 1312 


Blood pressure 
nm. fig 
Before 
100/65 
120/70 
180/140 
170/120 


Patient 


iS Gace 
oh Greer 


Diagnosts After 

95/55 4.2 
118/68 1.8 
140/95 2.8 
130/85 2.1 


Normotensive 
Normotensive 
Pre-eclampsia 
Pre-eclampsia 


Trine flow 
oseccbies MEM, 
Before 


Glomerular 
Renal plasma filtration 
—flow, c.c./min.— ——,rate, c.c./min.— 
After Before After Before After 
4.5 728 718 141 153 
3:2 637 538 181 147 
2.2 430 399 OP 58 
2.6 452 522 92 102 


Total renal 
resistance ___ 
Before — After 
4,178 3,925 
5,260 4,820 
8,191 4,262 
9,370 5,204 


All figures are corrected for body surface and represent average values before and after the injection of the drug. 


jection of the drug and lasted for periods 
varying from 4 to 12 hours. They were fol- 
lowed by the usual nasal and conjunctival 
congestion, somnolence, and in 1 instance 
severe headache. 

Administration of a mixture of 0.1 milli- 
gram of veratrum and 2.5 milligrams of 
reserpine evoked a fall averaging 38 per cent 
in systolic and 40 per cent in diastolic blood 
pressure (Table I). The fall in pulse rate 
averaged 35 per cent. The changes in blood 
pressure and pulse rate occurred within 5 to 
15 minutes of the injection of the mixture and 
lasted for periods varying from 6 to 24 
hours. They were accompanied by very 
mild somnolence, nasal congestion, and 
nausea; vomiting occurred in 1 instance 
only. Figure 1 illustrates a patient who was 
given intravenous injections of 0.2 milli- 
gram of veratrum alkaloids (protoveratrine) 
and 5 milligrams of reserpine separately and 
a mixture of one-half of these doses. 

Part II. Hemodynamic effects of the mixture 
veratrum alkaloids and reserpine. Preparation 
1312 which contains 0.5 milligram of vera- 
trum alkaloids (cryptenamine) and 2.5 mil- 
ligrams of reserpine was used almost ex- 
clusively in this part of the studies. The in- 


travenous route was employed in investigat- 
ing its hemodynamic effects. 

Blood pressure and pulse rate.—The in- 
travenous administration of 1312 in doses of 
1 to 1% cubic centimeters produced a fall 


varying from 20 to 42 per cent systolic and 
22 to 43 per cent diastolic blood pressure. 
The changes in pulse rate ranged from 20 to 
40 per cent. These values were closely 
similar to those observed in Part I of these 
studies (Table II). 

Cardiac output and peripheral resistance. 
—The changes induced by 1312 in cardiac 
output were not remarkable. In the ma- 
jority of patients the cardiac output re- 
mained unchanged although in a few in- 
stances it increased significantly (Table II). 

The total peripheral resistance was sig- 
nificantly reduced in all patients studied 
irrespective of the changes in the cardiac 
output (Table II). 

Renal hemodynamics.—The initial fall 
in blood pressure which followed intrave- 
nous administration of 1312 was accom- 
panied by an initial reduction in both renal 
plasma flow and glomerular filtration rate. 
Thereafter, a progressive rise in renal 
plasma flow and filtration rate occurred 


richest atc 


SREP IY APE 97 








C 


— - el 


ms -~ AS 


EO — a eb = A =e 


Voskian e¢ al.: EFFECTS OF VERATRUM AND RAUWOLFIA ALKALOIDS 


despite the fact that the blood pressure and 
pulse rate were still below control values 
(Fig. 2). 

Urine flow decreased temporarily after 
drug administration but returned to or 
higher than control values shortly there- 
after. Total renal vascular resistance de- 
creased progressively in all cases after the 
injection of the drug. The decrease was due 
mainly to dilatation of the afferent segment 
(Table III). Electrolyte excretion fell mod- 
erately after the injection of the drug but 
began to return to preinjection levels shortly 
thereafter (Fig. 2). 

Part III. Clinical application of the mixture. 
Product 1312 was used as the main thera- 
peutic agent in the treatment of 22 pre- 
eclamptic and 4 eclamptic patients. In 12 
other pre-eclamptic patients the drug was 
given in conjunction with other vasode- 
pressor drugs either because the fall in 
blood pressure following the first injection 
of 1312 was considered unsatisfactory or 
because the resident on call was not familiar 
with this preparation. In the acute phase of 
the disease, the drug was administered in- 
travenously in doses varying from 1 to 1% 
cubic centimeters—repeated as often as 
necessary to keep the blood pressure close 
to 140/90 millimeters of mercury. When 
this blood pressure level was not achieved 
after a given injection, the response was 
considered unsatisfactory. The number of 
intravenous injections given to each patient 
who responded to the drug varied from 2 to 
6, and the interval between subsequent in- 
jections was never less than 6 hours. After 
the acute phase had subsided and _ the 
eclamptic patients became conscious, the 
drug was given intramuscularly in doses of 
1% cubic centimeters every 18 to 24 hours. 

Four eclamptic and 22 pre-eclamptic pa- 
tients had satisfactory responses to repeated 
intravenous or intramuscular injections of 
1312. Their blood pressure remained at or 
below 140/90 millimeters of mercury dur- 
ing the treatment. Small doses of barbi- 
turates and intramuscular magnesium sul- 
fate were given concomitantly. Of the 4 


Patient M.A, Preeclampsia 


200, 
WYece. 1312 











150 


Systolic & 100) 
diastolic 

blood SOF 
pressure 





ior 

Urine flow 5 —. . 
ce/min, ° 
Renal - 
plasma 
flow 3007 | | 
cc /min. re) 
Glomerular |50 
rate 
cc/min, ° 

100F q 


pEq/min, O 


12 q 
ae | A 8 oer 


' 2 






































Urine Collection Periods 


Fic. 2. Effects of intravenous injection of 1312 on blood 
pressure, urine flow, renal plasma flow, glomerular filtra- 
tion rate, excretion of sodium, and total renal resistance. 
Note the fall in urine flow during the first 2 collection 
periods following drug administration. Urine flow in- 
creased progressively thereafter. The changes in renal 
plasma flow and filtration rate were not significant. The 
excretion of sodium fell during the first postdrug collec- 
tion period but returned to control levels shortly there- 
after. The changes in the excretion of chloride (not repre- 
sented in this figure) were similar to those of sodium. 
Total renal resistance decreased markedly following the 
injection of the drug. 


eclamptic patients, one continued to receive 
intramuscular injections of 1312 for 2 weeks 
after consciousness was regained and was 
then delivered of a living infant. Another 
patient received the drug intramuscularly 
for 3 weeks, and thereafter was given oral 
treatment with a combination of reserpine, 
veratrum, and apresoline for an additional 
4 weeks. At the end of this period, she was 
delivered of a living viable baby. The other 
2 eclamptics received the drug for 4 and 6 
days; one had a living baby and the other a 
stillborn. In this latter case, the fetal heart 
had disappeared on the second day of ad- 
mission. 

The pre-eclamptic patients received 1 to 
2 intravenous injections during the first 24 
to 36 hours, and thereafter were switched to 
intramuscular injections. In some cases, 
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Fic. 3. Blood pressure and pulse rate responses to 1312 
in a patient with eclampsia. In this patient, convulsions 
did not reoccur after the first injection. Note that the 
effects of the second intravenous injection were just as 
marked as those of the first injection, indicating a certain 
delay in the appearance of tolerance to the action of the 
drug. 


this route was continued for another 4 to 5 
days and thereafter was replaced by oral 
therapy until viability was reached. Of the 
22 patients, 18 had living babies and 4 still- 
born. Figure 3 illustrates the response to 
1312 in an eclamptic patient whereas Fig- 
ure 4 shows the response in a pre-eclamptic 
patient. 

In the majority of cases, the effects of the 
drug became less and less manifest indicat- 
ing the appearance of drug tolerance after 
4 to 8 days of continued intramuscular 
therapy. To overcome this tolerance the 
drug was temporarily replaced by other 
vasodepressor drugs for 2 to 3 days. Reini- 
tiation of therapy with 1312 after this inter- 
val usually resulted in a satisfactory blood 
pressure fall. 

Of the 12 patients who received 1312 in 
conjunction with other vasodepressor drugs, 
5 had less than 10 per cent of fall in blood 
pressure after intravenous injection and 
their response to the drug was, therefore, 
considered unsatisfactory. The other 7 pa- 
tients received other medications because 
the resident was not familiar with the use 
of 1312. 


DISCUSSION 


Some of the major objections to the use of 
vasodepressor drugs in hypertensive dis- 
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eases of pregnancy have been the appear- 
ance of undesirable side effects and the de- 
velopment of tolerance when administered 
for a certain length of time. Although isola- 
tion of purified compounds of veratrum has 
resulted in side effects of diminished sever- 
ity, the unpleasant actions have not been 
entirely eliminated. It has been shown by 
several investigators that since the vasode- 
pressor and the emetic reflexes elicited by 
veratrum run parallel, it would be ex- 
tremely difficult to eliminate the emetic 
without impairing the hypotensive reflex. 
Thus, it would be expected that injection 
of an effective dose of veratrum compound 
would be always accompanied by a certain 
degree of nausea and vomiting. 

The advent of rauwolfia derivatives pro- 
voked a great deal of enthusiasm among 
investigators in the field of hypertension. It 
has been shown by Moore and his co- 
workers and by others that the effective 
parenteral dose of rauwolfia alkaloids dif- 
fers markedly from the dose usually em- 
ployed orally. While it is possible to obtain 
a satisfactory hypotensive response with 1 
milligram or less given orally over a period 
of a few days, it is necessary to reach doses 
close to 5 milligrams to obtain a similar 
response by the parenteral route. From the 
dose response relationship obtained by 
Moore, it appears that doses below 5 milli- 
grams have little hypotensive effect. How- 
ever, doses of 5 milligrams or more evoke 
significant hypotensive responses which are 
not linear but rather tend to level off with 
progressively increasing doses. 

The side effects of the effective parenteral 
doses of rauwolfia vary in intensity from one 
patient to another but in many instances 
they have been severe enough to warrant 
discontinuation of therapy. 

Development of tolerance to drug action 
is frequently observed when hypotensive 
agents are given continuously by either the 
parenteral or the oral route. To overcome 
this tolerance it is frequently necessary 
either to increase the dose, which induces 
greater side effects, or to discontinue the 
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drug temporarily or sometimes permanent- 
ly. In this event, the patient is deprived of 
the beneficial effects of the drug to which 
she has responded satisfactorily. 

Several authors have advocated combina- 
tion of two or more drugs in the treatment 
of hypertensive states. ‘These authors claim 
that combination therapy reduces the 
severity of side effects and delays the appear- 
ance of tolerance. 

The present data seem to favor such a 
concept. Combination of veratrum alka- 
loids and reserpine appears to have a defi- 
nite synergistic rather than additive action. 
This is evidenced by the fact that the fall in 
blood pressure and pulse rate after the in- 
jection of the mixture of 0.1 milligram of 
protoveratrine and 2.5 milligrams of re- 
serpine was much greater than the sum of 
the effects of both drugs when given sepa- 
rately in these doses. In fact, the hypotensive 
effect of the mixture was nearly equal to the 
sum of the effects of the 2 drugs when given 
in full effective doses—mainly 0.2 milligram 
of veratrum and 5 milligrams of reserpine. 
Also, the hypotensive effect of the mixture 
appeared earlier and lasted longer than 
when reserpine or veratrum alkaloids were 
given separately. Thus, the combination of 
reserpine and veratrum alkaloids possessed 
the advantages of each drug as far as hypo- 
tension is concerned yet the incidence of 
side effects was greatly reduced. 

The effects of the mixture on cardiac out- 
put, peripheral resistance, and renal hemo- 
dynamics also favor its use as a therapeutic 
tool in the management of hypertensive dis- 
eases. The reduction in peripheral and 
renal vascular resistances without much 
change in cardiac output and renal blood 
flow indicates that this preparation pro- 
duces an overall vasodilatation without 
impairing the perfusing pressure to organs 
and tissues. 

The therapeutic application of the mix- 
ture of veratrum and reserpine appears to 
be of some interest. The long action of this 
preparation and the ease of its administra- 
tion makes it a good adjunct to the arma- 
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Fic. 4. The blood pressure and pulse rate responses to 
1312 in a patient with pre-eclampsia. Note the prolonged 
action of the drug. 


mentarium of antihypertensive drugs since 
it simplifies considerably the treatment of 
acute toxemia and eliminates the necessity 
for frequent injections or intravenous drip 
infusion. There is no danger of sudden or 
precipitous fall in blood pressure since the 
fall is smooth and progressive even though 
it occurs 5 to 10 minutes after the injection. 
The mild sedative effect of the preparation 
makes it ideal for the treatment of the 
severe forms of pre-eclampsia and eclamp- 
sia. Finally, the feasibility of giving the drug 
either intramuscularly or orally may permit 
carrying the pregnancy to viability and 
possibly save both mother and fetus. 

The development of tolerance after pro- 
longed administration of this mixture or the 
failure to obtain satisfactory hypotensive 
effects after the first injection should not 
speak against its use in the management of 
hypertensive diseases of pregnancy. In fact, 
tolerance becomes evident only after 4 to 5 
days of continuous parenteral administra- 
tion. During this time, the acute phase of 
the disease has subsided in most cases and 
the need for heroic therapy becomes less 
necessary. Furthermore, in case of either 
tolerance or of failure to obtain satisfactory 
response, other vasodepressor drugs may be 
employed. . 


SUMMARY AND CONCLUSIONS 


1. The hemodynamic effects and clinical 
application of a mixture of veratrum and 
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rauwolfia alkaloids were studied in normo- 
tensive subjects and in patients with pre- 
eclampsia, eclampsia, and essential hyper- 
tension. 

2. The effective dose of the mixture was 
found to be 0.1 milligram of protoveratrine 
or 0.5 milligram of cryptenamine and 2.5 
milligrams of reserpine. 

3. Parenteral administration of this mix- 
ture was followed by significant fall in blood 
pressure, pulse rate, and peripheral re- 
sistance. Cardiac output showed insignifi- 
cant changes. 

4. Renal plasma flow and glomerular 
filtration rate fell at the onset of the hypo- 
tensive phase but recovered shortly there- 
after despite continued hypotension; renal 
vascular resistance was consistently re- 
duced. 

5. The incidence of side effects which are 
peculiar to veratrum and to rauwolfia 


preparations was significantly less following 
administration of a mixture of the two 
drugs. 

6. It is concluded that a mixture of vera- 
trum and rauwolfia alkaloids has a number 
of advantages which make it an excellent 
adjunct in the therapy of hypertensive 
diseases. 
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AN ANALYSIS OF 313 CONSECUTIVE CASES OF 


INDIRECT SLIDING INGUINAL HERNIAS 


ERNEST A. RYAN, M.A., Ph.D., M.D., F.R.C.S.(C), M.S., Toronto, Ontario 


THE PRESENT STUDY was undertaken because 
it was recognized that there was a general 
vagueness and lack of knowledge of these 
interesting hernias in medical circles as well 
as a great divergence of opinion as to the 
ideal method of their treatment. It was 
hoped by this study to clarify our knowl- 
edge, to rid ourselves of the fallacies relating 
to sliding hernias, and to point the way to 
the ideal methods of their treatment. 

While there is some ambiguity and varia- 
tion in usage in regard to the terms used in 
describing sliding hernias, for our purposes 
these hernias are defined (as Shouldice has 
done) as hernias in which part of the bowel 
or of other retroperitoneal organs or their 
blood supplies (mesentery) protrudesthrough 
a defect in the abdominal wall, usually, but 
not necessarily in relationship to a perito- 
neal hernia sac. Unlike the actual contents 
of a hernial sac the sliding contents do not 
lie free in the peritoneal sac nor are they 
held to it merely by adhesions. Sliding her- 
nias may be classified into three groups: (1) 
intrasaccular sliding hernias in which the 
sliding component is free except for its mes- 
entery the peritoneum of which is continu- 
ous with that of the hernial sac; (2) the 
parasaccular or intramural type in which 
the sliding component lies in the wall of the 
hernial sac and the peritoneum of the sac 
is in intimate contact with it such that the 
two cannot be separated without injury to 
the organ; (3) the extrasaccular type in 
which the sliding element can readily be 
separated from the outer surface of the peri- 
toneum of the hernial sac or indeed may be 
distinctly separate from the sac entirely. In 
this group there are some cases in which the 
sac may be very small or indeed nonexist- 
ent, the so-called sacless type. Of these 






groups the parasaccular type with bowel as 
the sliding component is by far the most 
common (over 95 per cent of cases in our 
experience). There was only 1 sacless type 
sliding hernia in this series. This study has 
been confined to indirect hernias in which 
there was actually bowel or other retroperi- 
toneal organ involved. 

In the period of study, there were also 3 
direct sliding hernias with bowel in the wall 
and 1 femoral sliding hernia of sigmoid 
colon. As most direct sacs are not opened 
the incidence of sliding direct hernias, par- 
ticularly of the extrasaccular type involving 
the urinary bladder, is likely higher than 
our figures would indicate. There were also 
22 recurrent hernias, originally repaired by 
others, that on reoperation proved to be 
of the indirect sliding type, some of these 
have been discussed in a previous report (4), 
and some references will be made to this 
group subsequently in this study. 

The repairs dealt with were carried out 
during an 8 year period (December 1943 to 
December 31, 1951) as follows: 2 in 1943, 6 
in 1944, 12 in 1945, 20 in 1946, 38 in 1947, 
44 in 1948, 59 in 1949, 58 in 1950, 74 in 
1951. All except a very few of the repairs 
were carried out at Shouldice Surgery. These 
operations were performed by E. E. Shoul- 
dice (167 cases), N. Obney (139 cases), and 
E. A. Ryan (7 cases), and all the operations 
referred to in this report were performed by 
one or other of these three surgeons. All the 
operations were performed under local an- 
esthesia, and immediate early ambulation 
was carried out. In 267 cases stainless steel 
wire sutures were used for the repair, in 45 
cases silk sutures, and in 1 case nylon su- 
tures. No restrictions whatsoever were placed 
on the patients’ activities after their dis- 
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charge from the hospital on the third post- 
operative day. 

For purpose of comparison 317 cases of 
indirect inguinal hernias in males 21 years 
of age and over were selected at random 
from our files and as far as possible analyzed 
in a similar fashion to the sliding hernias. 
These will be referred to throughout this 
article as the indirect series. In this indirect 
series there were only 3 cases in which wire 
was not used as the suture material in the 
repair. 

The technique used in the repairs was that 
developed by E. E. Shouldice at Shouldice 
Surgery and will be described in detail by 
him in a subsequent publication. The main 
features consist of: (1) the early recognition 
during the operation of the sliding nature of 
the hernia; (2) the separation of the neck of 
the herniating mass from the transversalis 
fascia at the internal ring; (3) the freeing of 
the spermatic cord from the herniating mass 
which is left with its preperitoneal fat intact 
inside its very thin layer of limiting fascia; 
(4) the removal usually, although not neces- 
sarily, of any of the sac distal to the attach- 
ment of the sliding component and the re- 
placement of the remaining mass deep to 
the transversalis fascia which is then closed 
over it and made snug about the cord. The 
remainder of the repair is then carried out 
in routine fashion. This procedure is much 
simpler than many of the previously advo- 
cated maneuvers and resembles somewhat 
the procedure described by Zimmerman 
and Laufman. 


OBSERVATIONS 


Sex and side involved. All of the 313 cases 
were in males. The involvement was on the 
left side in 256 cases and on the right in 57 
cases; i.e., 4.5 times more sliding hernias on 
the left side than on the right. In the series 
of simple indirect hernias 125 involved the 
left side and 192, the right. This is a ratio 
of right to left sides of 1.5 to 1. In 6,965 in- 
direct hernia repairs carried out at Shoul- 
dice Surgery 4,183 or 60 per cent were on 
the right side and 2,782 or 40 per cent on 


the left side. This is the same ratio as in the 
smaller series of indirect hernias. Thus there 
are actually 6.7 times more left sided hernias 
among sliding hernias than one would have 
expected from a study of uncomplicated .n- 
direct inguinal hernias. Bilateral sliding her- 
nias were repaired in 8 patients. The total 
number of individuals operated upon was 
therefore 305. 

Age at time of operation, and incidence of in- 
direct sliding inguinal hernias. The average age 
at operation was 59.35 years (313 cases) and 
for the right side only was 59.08 years (57 
cases). In all inguinal hernia repairs carried 
out at Shouldice Surgery the average age 
was approximately 51 years, and in the ser- 
ies of indirect hernias studied it was 50.02 
years. Thus the average age of those with 
sliding hernias was 8 or 9 years greater than 
that for the whole group or for indirect her- 
nias only. For both sides the maximum num- 
ber of cases in any 10 year period is in the 
age group between 61 and 70. (For both 
sides 37.3 per cent, and for the right side 
35.7 per cent of sliding hernias occurred in 
this age group.) Considering both sides there 
are 3.6 times more sliding hernias in pa- 
tients over the age of 50 than below it. For 
the right side only, this ratio is 2.6 times and 
for the left side only 4.0 times. In over half 
the cases on each side the age was 61 years 
or over at the time of our operation. The 
ages ranged from 28 to 82 years. There were 
no sliding hernias in those younger than 28 
years. Forty-three patients (or 13.8 per cent 
of the sliding hernias) were over 70 years of 
age. Table I illustrates these age relation- 
ships. 

Up to the end of December 1951 there 
were 4,639 indirect inguinal hernia repairs. 
Of these the 313 cases studied were sliding 
hernias, or 6.75 per cent, of the indirect 
hernias were of the sliding type. In this pe- 
riod the total number of inguinal hernias 
was 6,188 so that the percentage of indirect 
sliding inguinal hernias of all the inguinal 
hernias was 5.06 per cent. In persons over 
50 years old there were 245 indirect sliding 
inguinal hernias or 10.7 per cent of the 2,288 
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TABLE I1.—RELATIONSHIP BETWEEN THE NUMBER OF INDIRECT SLIDING HERNIAS AND OTHER INGUINAL 
HERNIAS, FOR AGE DECADES IN PERIOD FROM 1943 TO DECEMBER 31, 1951 


No. of indirect 
patients, ————sliding herntas——-— — 
years Left Right Total 
0-10 0 0 73 
20 0 0 183 
21-30 1 2 451 
14 21 730 
37 45 914 
76 86 1052 
96 116 902 
71-80 32 41 311 
81 plus 0 2 23 
Totals 256 57 313 4639 


Age of 


No. of indirect 
hernias (including 
sliding hernias) 


Per cent of 
sliding hernias 


No. of 
all types 


Per cent of 
indirect sliding 
among the inguinal among all 
indirect hernias hernias inguinal hernias 

0 73 0 
0 185 0 
44 490 0.41 
2.9 914 2.19 
4.9 1279 3.67 
8.2 1532 5.61 
12.9 1289 9.0 
13.2 394 10.4 
8.7 32 6.25 
6.75 6188 5.06 


While the absolute number of indirect sliding hernias is greater in the 61-70 year age bracket, -:) rs of these hernias as compared with 
the numbers of all inguinal hernias or all indirect hernias, keeps increasing at least until the age of 80. 
The ratio of left to right sided sliding hernias increases to a maximum of 7.6 in the 51-60 year age group, and then decreases again in the older 


age groups. 


indirect inguinal hernias in this age group, 
or 7.54 per cent of the 3,247 inguinal her- 
nias of all types beyond this age. This ob- 
servation again helps to bring out the in- 
creasing number of indirect sliding inguinal 
hernias found in the older age groups. In 
persons over 60 the percentage of sliding 
hernias is still higher. ‘These figures are sum- 
marized and expanded in Table I. 

Duration of sliding hernias prior to operation (as 
reported by the patients). The duration of the 
hernias prior to operation averaged 11.81 
years for both sides; for the right side only the 
average was 18.23 years and for the left side 
only 10.3 years. In the indirect series this av- 
erage was 7.35 years (left side 7.05 years; 
right side 7.56 years). Thus the average dur- 
ation prior to operation was 1.4 times longer 
for the left side and 2.5 times longer for the 
right side than for the average nonsliding in- 
direct inguinal hernia. For recurrent hernias 
the average duration of the hernia prior to a 
subsequent repair was 6 years 1 month, 
which is roughly the same as for the indirect 
series. 

Various bodily measurements. ‘The average 
waist measurement in those with sliding 
hernias was: for both sides 36.59 inches (168 
cases) ; for the left side alone 36.7 inches (140 
cases); and for the right side 35.93 inches (28 
cases). The average weight was: both sides 
168.30 pounds (287 cases); left side only, 
169.1 pounds (235 cases); and right side 
only, 164.86 pounds (52 cases). The average 


height was: both sides, 5 feet 7.6 inches; left 
side only, 5 feet 7.5 inches; right side only, 
5 feet 7.7 inches. The average values for the 
simple indirect series were: waist 34.63 inches 
(308 cases) ; weight 159.3 pounds (314 cases) ; 
height 5 feet 8.1 inches. The average weight 
in left sided cases was 155.38 pounds (125 
cases). Thus it is evident that, in the left 
sided sliding hernias, while the average 
height is approximately half an inch shorter 
than in the indirect series, the average waist 
measurement is 2 inches greater and the av- 
erage weight more than 10 pounds heavier. 
This fact strongly suggests that obesity is as- 
sociated with left sided sliding hernias and 
may be a causative factor in their produc- 
tion. Those with right sided sliding hernias 
also tend to be heavier than the control 
group although the difference is not so great 
as in those with left sided sliding hernias. 
While averaging half an inch shorter than in 
the indirect series, the average waist meas- 
urement is 1.3 inches greater and the average 
weight is 5.6 pounds heavier. These findings 
confirm the clinical impression that sliding 
hernias are commonly associated with 
obesity. 

The relationship of age and obesity to sliding 
hernias. As noted previously, advanced age 
and obesity are associated with sliding her- 
nias. An attempt was made to study the com- 
bined action of these two factors and some of 
the results are summarized in Tables II and 
III in which all the cases of sliding hernias in 
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TABLE II.—RELATIONSHIP OF FORMATION OF SLIDING HERNIAS TO AGE AND OBESITY 


Age Average 


Reported duration prior to repair—years. 





groups, weight, 
years lbs. 
50 & under 172.56 
average (62)* 
42.94 
51-60 
average 
56.15 
61-70 
average 
65.66 
71 and 
over 


All in age group 
Both sides Left 
10.76 8.46 
(68) (52) 


172.89 
(80) 


11.10 
(80) 


10.26 
(73) 


167.6 
(116) 


10.67 
(113) 


8.99 
(93) 


17.84.” 
(43) 


154.26 
(41) 


17.55 
(32) 


*Numbers in brackets indicate number of cases in group. 


different age groups are compared with those 
in patients weighing (a) 175 pounds or over 
and (b) 200 pounds and over. 

In Table II it is observed that as the aver- 


age age increases above 60 years the average 


weight falls while the average duration of the 
hernias prior to repair tends to increase, ex- 
cept in the case of left sided hernias in per- 
sons over 174 pounds and older than 60 
years in whom the duration prior to repair 
decreases. In those over 70 the duration for 
left sided hernias in persons weighing more 
than 174 pounds is less than half that for all 
left sided hernias in this age group and this, 
despite the fact that clinically more of the 
hernias in those over the 174 pounds were 
larger than was the case for all the left sided 
hernias in this age group (Table III). These 
findings suggest that in the aged obesity pre- 
disposes to the production of left sided sliding 
hernias or at Jeast definitely accelerates their 
rate of enlargement. On the right side obesity 
did not shorten the average duration prior to 
repair. It is likely that this is due to the fact 
that the specific predisposing anatomic ar- 
rangement is much less common on the right 
side than on the left. The higher ratio of left 
to right sided hernias in the obese group as 
compared to the whole series (6 to 7 versus 
4.5) also fits in with the view that obesity 
particularly predisposes to left sided sliding 
hernias. 

In Table III the variations in the clinical 
sizes of the hernias are correlated with age 
and obesity. Considering all groups it is seen 
that the percentage of large hernias increases 





Those 175 lbs. plus 
Left Right Left Right 
10.24 24.0 14.55 No cases 

(24) (5) (7) 


12.63 21.33 
(29) (4) (13) (2) 


7.62 15.0 6.3 16.0 
(32) (5) (7) (2) 


18.7 7.4 32.0 
(11) (6) (2) 


Those 200 lbs. plus 
Right 
18.24 
(16) 


17.24 
(10) 


14.6 27.6 


18.5 
(20) 


No cases No cases 


and the percentage of small hernias decreases 
with advancing age. It is also evident that in 
any one age group the percentage of large 
herniasincreases withincreasing weight while 
the percentage of small hernias decreases. In 
the heavier individuals (over 175 or 200 
pounds) the percentage of large hernias also 
tends to increase with age while the small 
ones decrease. This table, therefore, indicates 
that obesity and old age are each associated 
with the larger sliding hernias and also that 
there is a synergism in their effects such that 
the greatest percentage of large sliding her- 
nias is to be found in obese elderly individ- 
uals. If the left sided sliding hernias only are 
considered the findings are similar. 

As might have been expected from these 
observations the average distance the bowel 
had slid below the internal ring also in- 
creased with both age and obesity. 

Occupation. The type of work done by these 
individuals was classified under the headings 
of light, moderate, or heavy work and also as 
to the amount of standing involved in the 
work. These classifications were then com- 
pared with similar ones for the indirect series 
and it was found that there were not signifi- 
cant differences in the two groups. There is 
therefore no indication that heavy work or 
long standing particularly predisposes to the 
production of sliding hernias. 


CLINICAL FINDINGS IN SLIDING HERNIAS 


Type of hernias. Clinically 102 of these her- 
nias were reported as complete and 211 as in- 
complete. Thus there were twice as many 
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TABLE I1I.—VARIATIONS IN SLIDING HERNIA SIZE WITH AGE AND OBESITY 








Age a _Percentages of sizes of sliding hernias (large, medium or small) oe 
group, All in group 175 lbs. & over 200 lbs. & over 
years E. M. S. 5. M. S. L. M. S. 
50 & (20)* (34) (14) (9) (14) (6) (2) (5) (0) 
under 29.4 50.0 20.6 31.0 48.3 20.7 28.6 71.4 0.0 
51-60 (33) (38) (15) (19) (11) (5) (10) (4) (2) 
38.37 44.19 17.44 54.3 31.4 14.3 62.5 25.0 12.5 
61-70 = (47) (52) (17) (19) (16) (4) (5) (4) (0) 
40.52 44.82 14.66 48.7 41.0 10.3 55.55 44.45 0.0 
1& (24) (14) (5) (5) (3) (0) None over 200 Ibs. 
over 55.8 32.6 11.6 62.5 37.5 0.0 


*Numbers in brackets indicate actual number of cases in the group. 


(2.07 times) incomplete as complete sliding 
hernias. In the indirect series there were 94 
complete and 223 incomplete, i.e., 2.37 times 
as many incomplete as complete hernias. 
The ratio of the two series is, therefore, of the 
same magnitude, so no clinical differentia- 
tion can be made on this basis. 

Size of hernias. Upon clinical consideration 
of the size of the 313 sliding hernias, 124 
(39.68 per cent) were recorded as large, 138 
(44.03 per cent) as moderate, and 51 (16.29 
per cent) as small. Of the 57 right sided slid- 
ing hernias, 27 (47.37 per cent) were large, 23 
(40.35 per cent) moderate, and 7 (12.28 per 
cent) small. Thus the percentage of large her- 
nias was a little greater on the right side than 
on the left. In the indirect series 71 (22.4 per 
cent) were large, 147 (46.4 per cent) moder- 
ate, and 99 (31.2 percent) small. Thusroughly 
among the sliding hernias the percentage of 
large hernias is twice as great and the per- 
centage of small hernias is one half as great 
as in the indirect hernias. This observation 
confirms the clinical impression that, on the 
average, sliding hernias are larger than non- 
sliding indirect inguinal hernias. It may be 
that the larger size of the sliding hernias is 
simply secondary to their longer average dur- 
ation or, on the other hand, that the sliding 
nature of these hernias may be in part at- 
tributable to their large size. However, when 
we realize that 60 per cent of the sliding her- 
nias are clinically moderate and small sized 
hernias, it is evident that a hernia does not 
have to be large to be of the sliding type. 

Reducibility. Of the 313 sliding hernias, 294 
were described as reducible and 10 as reduc- 
ible with difficulty, giving a total of 304 or 





97.1 per cent that were reducible. Four were 
described as partially reducible and 5 as not 
reducible, for a total of 9 or 2.9 per cent not 
completely reducible. Thus the majority of 
sliding hernias are reducible, and in none of 
the hernias which were not readily reducible 
were there any signs of obstruction or of any 
significant pain. For the right sided sliding 
hernias (57 cases), the figures were: reducible 
54; reducible with difficulty 2; total reduci- 
ble 56 (98.2 per cent); not reducible 1 (1.8 
per cent). In the indirect series 311 (98.1 per 
cent) were reducible and 6 (1.9 per cent) 
were partially reducible. The percentages for 
the sliding and the indirect series do not show 
significant deviation, and while it has been 
our clinical impression that sliding hernias are 
more difficult to reduce than nonsliding her- 
nias the difference is evidently not significant. 
Associated pathologic conditions. In 90 per cent 
of the cases in both the sliding and indirect 
hernia series there were no clinically detected 
pathologic conditions. In the other cases, the 
associated pathology consisted of hydroceles, 
cysts of the epididymis, undescended testi- 
cles, or atrophy of the testicle. The distribu- 
tion of these was similar in the two series so 
there was no evidence to suggest that sliding 
hernias predisposed to these clinically asso- 
ciated pathologic conditions or vice versa. 


OPERATIVE FINDINGS 


Bilateral hernias. In 87 (27.79 per cent) of 
the 313 patients with sliding hernias, repair 
on the opposite side was performed during 
the same admission. In 8 of the 87 cases, slid- 
ing hernias were found on both sides and re- 
paired on the one admission. This is an inci- 
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dence of 2.56 per cent of the sliding hernias 
which were bilateral. For comparison, of 711 
persons who had indirect hernias repaired 
during 1950 there were 73 (10.3 per cent) 
who had another hernia on the opposite side 
repaired during the same admission. The 
rather high incidence of bilateral repairs in 
the sliding hernia group is most likely asso- 
ciated with the longer duration of these her- 
nias prior to operation which provides more 
time for the second hernia to become evident. 
Other procedures performed at operation. Con- 
sidering both sides, in 202 of the 313 cases, no 
other procedure was carried out except the 
hernial repair. In 55 cases (17.6 per cent) the 
posterior wall of the inguinal canal was weak 
in the direct hernia area and was incised 
down to the pubic bone, repair then being 
carried out as for a direct hernia. There were 
28 hydrocele repairs, and in 6 cases the tunica 
vaginalis was opened. Appendectomy was 
performed in 19 cases. There were 10 orchi- 
dectomies and in at least 7 cases there was 
testicular pathology, such as atrophy, multi- 
ple cysts in the aged, undescended testicles, 
making excision advisable. Femoral hernias 
or incipient femoral hernias were found in 6 
cases (1.92 per cent) and repaired. Cysts of 
the epididymis were removed in 10 cases. In 
8 cases large fat tabs projecting through the 
internal ring were removed. In 2 cases there 
had been previous injection treatments lead- 
ing to considerable scarring and increasing 
the difficulty of the operations. ‘The addition- 
al procedures carried out in the indirect series 
were essentially similar in type and number 
except, as one would expect, no appendec- 
tomies were performed in this group. 
Amount of sac removed at operation. Consid- 
ering the whole 313 cases studied, the 
amount of the sac removed was: in 147 
cases (47.0 per cent) none of the sac; in 18 
cases (5.75 per cent) a small amount of the 
sac; in 119 cases (38.0 per cent) part of the 
sac; and in 29 cases (9.25 per cent) most of 
the sac. If the 57 right sided cases only are 
considered the comparable figures are: in 
22 cases (38.6 per cent) none of the sac; in 
1 case (1.75 per cent) a small amount of 


the sac; in 23 cases (40.35 per cent) part of 
the sac; and in 11 cases (19.3 per cent) most 
of the sac. The important thing to observe 
from these figures is the large number of 
cases (over 40 per cent) in which none of 
the sac was removed. In a further 40 per 
cent of the cases only a part of the sac was 
removed. In practically every case, never- 
theless, as the results indicate, an excellent 
repair was obtained. In the indirect hernia 
series, in 308 cases (97.2 per cent) the sac 
was completely removed; in 3 cases (0.9 per 
cent) it was partly removed; and in 6 cases 
(1.9 per cent) none of the sac was removed. 
Thus in the great majority of these cases the 
complete sac was removed. In the cases in 
which the sac was not completely removed 
the usual reason was the presence of wide- 
spread marked adhesions between the sac 
and its contained omentum. In these cases 
the sac was simply closed and replaced deep 
to the transversalis fascial layer with no 
untoward sequelae. 

Distance of sliding bowel below the level of the 
internal ring. On the basis of the operative 
notes, an attempt was made to estimate the 
approximate distance in each case in which 
the sliding bowel contents had passed below 
the level of the internal ring. Considering 
both sides (313 cases), this average distance 
was 2.9 inches. Considering the right side 
only (57 cases) this average distance was 
2.96 inches. These figures are necessarily 
rough but indicate that some of the sliding 
hernias were of considerable size to give an 
average figure of this magnitude. Large size 
in itself has been no factor in preventing 
the successful treatment of these hernias from 
the inguinal region as outlined; e.g., a re- 
cent sliding hernia contained bowel incor- 
porated in the sac wall extending for a dis- 
tance of 15 inches below the internal ring, 
and the diameter of the sac was 5 inches 
near its fundus. This hernia was readily dealt 
with through the inguinal region. The aver- 
age estimated extent of the sac below the 
internal ring in the indirect series was 3.36 
inches (317 cases). While our clinical experi- 
ence makes us feel that this estimate is on 





the low side for this type of hernia, never- 
theless, it again indicates the larger average 
size of the sliding hernia sac because the 
average distance the bowel had slid was al- 
most as great as the average length of the 
whole sac in the indirect series. 

Sliding component in the sliding hernias. In 
257 of the 313 cases the sliding element was 
the sigmoid colon or adjacent parts of the 
descending colon. All of these cases except 
1 were on the left side. The 1 exception was 
in an individual with generalized situs in- 
versus. The colon (sigmoid or descending) 
was the only sliding element present in left 
sided hernias (256 cases). The other sliding 
elements were all found on the right side 
(57 cases) and included: cecum alone 27 
cases; cecum and appendix 19 cases; cecum 
and ascending colon 1 case; appendix alone 
7 cases; small bowel 2 cases; and the sig- 
moid colon in the situs inversus case noted 
before. In one of the 2 cases in which small 
bowel was the sliding element, the bowel 
was extrasaccular and entirely separate from 
the small indirect sac; in the other case it 
was parasaccular and incorporated in the 
wall of the sac. Sliding small bowel is rare, 
and few if any cases are reported in the 
literature. In our experience, however, their 
incidence is approximately once in 2,000 
inguinal hernia cases. The fact that small 
bowel, appendices, and sigmoid colon are 
found in sliding hernias indicates that those 
parts of the bowel which ordinarily have 
mesenteries are not necessarily protected 
from the sliding action. 

The internal ring in sliding hernia cases. The 
internal ring in indirect sliding hernias is 
characteristically enlarged and lax. Consid- 
ering both sides, in 232 of the 313 cases 
(74 per cent), a lax internal ring was specif- 
ically noted. In the remaining 81 cases there 
was no specific mention of the size of the in- 
ternal ring. On the right side the compar- 
able figures were 42 of 57 cases in which a 
lax ring was noted and 15 cases in which no 
specific note was recorded. A lax internal 
ring is therefore found in a high percentage 
of cases. Whether this is secondary to the 
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enlarging hernia or a primary predisposing 
etiologic factor is difficult to decide with 
certainty. Recurrent hernia studies (4) have 
suggested that weakness of the internal ob- 
lique muscle lateral to the internal ring may 
be a predisposing factor in the formation of 
sliding hernias. The fact that these hernias 
preponderantly are found in older persons 
in whom thinning and atrophy of the mus- 
cles occur fits in with this viewpoint as does 
the fact that obesity is a predisposing factor, 
for lumps of fatty tissue can separate muscle 
fibers and thereby produce weakness in the 
muscle. This phenomenon is commonly 
found in the inguinal hernia region, the in- 
ternal oblique muscle fibers commonly being 
distorted and separated by large collections 
of fatty tissue. In 3 cases it was definitely 
noted that weakness existed lateral to the 
internal ring necessitating cutting through 
the muscle in this region for a distance of 
approximately 1 inch until firmer tissue was 
reached. Repair was then carried out in the 
usual fashion. This procedure of cutting 
lateral to the internal ring has been carried 
out many times when deemed necessary, 
and no known deleterious effects have re- 
sulted attributable to this procedure. 

The lax internal ring accounts also for the 
wider area of bulging of the neck of the sac 
which is a clinical characteristic of these 
hernias, and probably it also allows the 
sliding hernia and the attached cord to be 
pushed back below the level of the trans- 
versalis fascia giving the illusion of com- 
plete reducibility of the hernia. 

Relationship of sliding contents to other ana- 
tomic structures. The sliding bowel invariably 
lies posterior, inferior, and lateral to the sac 
and between it and the spermatic cord. Such 
a relationship does not fit in particularly 
with the theory that weakness lateral to the 
internal ring predisposes to this type of 
hernia except in perhaps that such a weak- 
ness allows the whole cord to migrate lat- 
erally thus moving the internal ring so that 
the bowel has a shorter distance to slide 
and can come out in a more direct fashion. 
The bowel is in general not particularly ad- 
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herent to the cord, but most commonly, i.e., 
in the parasaccular type of sliding hernia, 
it is inseparably attached to the parietal 
peritoneum. This suggests that it has moved 
down with the peritoneum. Not infrequent- 
ly, particularly in the case of the larger slid- 
ing hernias, an obliterated fibrosed exten- 
sion of the processus vaginalis was found 
attached to the main sac. This observation 
suggested that possibly the hernia had 
started down inside the tunica vaginalis 
only to come against dense fibrosis so that 
further enlargement occurred by the bulg- 


ing out of the posteroinferolateral part of 


the sac after the fashion of a blow-out. The 
bulging out of the sac in this fashion would 
also tend to pull down more of the perito- 
neum in this area and thus possibly be re- 
sponsible for the dragging down of the slid- 
ing components. 

Sliding hernias of duration of 1 year or less, 
prior to operation. In this classification there 
were 50 hernias on the left side and 6 on 
the right. Of the left hernias the sliding 
component was always the descending colon 
and the averages were: age 57.4 years; pre- 
operative duration 6.4 months; waist meas- 
urement 36.3 inches (for 33 cases); weight 
163.7 pounds; height 5 feet 7.44 inches (45 
cases); distance bowel had slid below the 
internal ring 2.36 inches. 

Thus the average age is 2 years younger 
than for the whole group. The surprising 
thing perhaps is that the average age is not 
even younger than it is. The average weight 
is approximately 6 pounds less than for the 
whole group which may indicate that in 
this group the anatomic arrangement may 
be the important predisposing factor rather 
than obesity. In 72 per cent of these cases 
a lax internal ring was noted. The higher 
ratio of left sided hernias in this early group, 
8 to 1, adds further support to the view- 
point that sliding hernias are more readily 
formed on the left side than on the right. 
In this group 34 per cent of the hernias 
were Clinically small, which is twice as high 
a percentage of small hernias as compared 
with the whole series. 
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Recurrent sliding hernias. From a considera- 
tion of the 22 recurrent hernias of others 
that were of the sliding type, the chief cause 
of recurrence in these cases was the same as 
for recurrence of the usual indirect hernia, 
i.e., the failure to free the protruding herni- 
al mass from the transversalis fascia and 
cord, and its replacement deep to the trans- 
versalis fascia in the repair. The fact that it 
is more difficult to delimit the hernia from 
the transversalis fascia and cord in these 
cases, than in the simple type indirect her- 
nias, likely accounts for the generally re- 
ported greater recurrence rate among the 
sliding hernias than for simple indirect her- 
nias. In a few cases it seemed that a missed 
weakness of the muscle tissues lateral to the 
internal ring had been responsible for the 
sliding recurrence. 

In these hernias that had recurred as slid- 
ing hernias the previous repair had been of 
the Bassini type in 21 cases and of the 
Halsted type in only 1 case. In the study of 
all types of recurrent inguinal hernias (4) 
the ratio of previous Bassini to Halsted 
repairs was much less, approximately 4 to 
1. It may be that the firm ring of external 
oblique about the cord at the internal ring 
in the Halsted repair prevents sliding com- 
ponents from descending, while a simple in- 
direct sac may still occur. It also may be 
that in carrying out a Halsted repair it is 
more necessary to free sliding components 
from the cord before repair can be carried 
out, and thus the operator may be forced 
to do a more thorough job of freeing the 
neck of the sac, than might otherwise be 
done. It is possible, on the other hand, that 
some operators might simply judge that 
these sliding types of hernias did not lend 
themselves to cure by the Halsted method, 
and hopefully used the Bassini technique in- 
stead. The fact that a firm internal ring 
seems to prevent sliding hernias suggests 
that a lax one probably predisposes to their 
development. 

Sliding hernias which started in children under 
10 years old. It was believed that a considera- 
tion of this group of sliding hernias might 





give some insight as to the magnitude of the 
role of congenital factors in the origination 
of these hernias. There were 13 cases in this 
group (4.15 per cent). The average ages at 
operation were: for both sides 50.6 years and 
for the right side 46.9 years. The mini- 
mum duration of these hernias was 30 years 
and the average duration only a little less 
than the average ages at the time of opera- 
tion, roughly 45 years. The youngest pa- 
tient operated on in this group was 31 years 
of age, and the eldest was 76. Seven of these 
hernias were on the right side and 6 on the 
left. The average distance of the sliding 
bowel below the internal ring was 3.3 inches. 
In the cases on the right side the cecum or 
cecum plus appendix was present, and on the 
left side the descending colon. Clinically 10 
of the hernias were classified as large, 3 as 
moderate in size, and none as being small. 

On considering this group some of the per- 
tinent facts are that: (1) the percentage of 
cases involved is small; (2) the duration prior 
to repair was at least 30 years; (3) of the 
total series of hernias studied at this Surgery 
to the end of 1953, no sliding hernias were 
found in the 1,050 patients operated on at 
ages younger than 28 years (of these cases 
133 were under 10 years of age and 279 be- 
tween the ages of 11 to 20 years, inclusive). 

These facts indicate that, at least in the 
vast majority of cases, sliding hernias do not 
start out as such in childhood (although the 
very rare sliding hernia in infancy has been 
reported by David), but rather that, with 
the passage of time, changes take place which 
allow their formation. One of these changes 
is an increase in size of the hernia, and no 
hernias in this group of 13 cases were classi- 
fied as small. While these hernias do not start 
out as sliding hernias, it may be that the 
large bowel has a lower attachment than 
usual from the time of birth so that it is 
nearer the internal ring and can be more 
readily pulled down with the peritoneum as 
the hernial sac enlarges. The fact that in 
marked contrast to the whole series, right 
sided hernias are in the majority in this 
group may be associated with the longer 
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than average duration prior to repair of the 
cases in this group. This fact perhaps also 
suggests that a congenital anatomic variation 
in the attachment of the large bowel, such 
that it is close to the internal ring, is a more 
important etiologic factor on the right side 
than on the left. 


FOLLOW-UP STUDIES 


An intensive follow-up procedure was Car- 
ried out, such as outlined in a previous paper 
(4), supplemented by telephone calls or fur- 
ther letters to those persons who had been 
delinquent in reporting despite our routine 
approaches to them. The follow-up reported 
is to the end of December 1953. 

Postoperative sequelae following sliding hernia 
repairs. There was no mortality in this series 
of 313 cases. Four small hydroceles were 
found following operation. One of these was 
a recurrent hydrocele. In 3 of the 4 cases the 
hydrocele was evident in less than 1 year, 
but in the other case it was only evident 5 
years postoperatively. In 5 cases there was 
some degree of testicular atrophy. In 3 of 
these cases a hydrocele had been removed at 
the original operation. In these 3 cases 
atrophy was evident within a year. In the 
other 2 cases it was not evident until 41% 
years postoperatively. The postoperative in- 
fections, all of which occurred in less than 10 
days, were 5 in number (1.6 per cent); and 
of these infections, 2:were classified as severe. 
There were 2 cases of superficial phlebitis of 
the saphenous venous system. Both cases 
came on in less than 10 days; in each case 
there was a previous history of enlarged di- 
lated leg veins and in 1 case a history of pre- 
vious pain in these veins. There were 2 cysts 
of the epididymis. There were 5 patients 
with some complaint of pain in the operative 
region a year or more after operation. In 1 
case this consisted of tenderness in the scar 
which had cleared up on examination 1 year 


‘later. In the other cases the pain was spo- 


radic, usually coming on after heavy work or 
unaccustomed exercise. There was no evi- 
dence of recurrence in any of these cases on 
repeated examinations. 
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Recurrences following sliding hernia repairs. At 
the time of follow-up, 33 persons were dead 
from causes unrelated to their operation. In 
each case the hernia repair was intact at the 
time of death. The average duration of the 
repairs prior to death was 214 years. The 
earliest death occurred 5 months postopera- 
tively. The average age at the time of death 
was 67.3 years (right side 69.3 years and left 
side 65.8 years). In 19 of these cases the slid- 
ing hernia was on the left side and in 14 on 
the right side. This high number of deaths is 
to be expected in view of the older age groups 
in which the hernias are found. 

Follow-up details as to the types and time 
of follow-up and as to the incidence of recur- 
rences are summarized in Table IV. There 
were only 4 recurrences in this series of 313 
cases, an over-all recurrence rate of 1.27 per 
cent. The average duration of the repair prior 
to the recurrence was 1 year and 7 months, 
and the shortest duration was 7 months. 
Three patients with recurrences have been 
reoperated upon, and in only 1 case was an 
indirect sliding hernia found. In 1 of the 
other cases there was a direct recurrence 
which is judged to have been due to an over- 
looked weakness in the direct hernia area at 
the initial operation, i.e., a missed hernia. In 
the third case, a femoral hernia which had 
been originally repaired together with the 
sliding hernia had recurred, but the region 
of the indirect hernia was intact. There is 
therefore only 1 case in which a sliding hernia 
or indeed any type of indirect hernia has 
been proved, a sliding hernia recurrence rate 
of .32 per cent, or if it is assumed that the 
case in which reoperation has not yet been 
performed is a sliding hernia, a maximum 
possible sliding hernia recurrence rate of .64 
per cent. It is to be noted that the 1 case re- 
curring as a sliding hernia was repaired in 
July 1944, i.e., in the early stages of this work 
and really prior to the clear establishment of 
the present recognized principles. Since this 
series was completed (December 1951) up to 
June 30, 1955 an additional 558 patients 
with indirect sliding hernias have been oper- 
ated upon with no known recurrences. Thus 


our experience comprises over 871 cases. In 
the last 8,000 cases of inguinal hernia done 
at Shouldice Surgery and followed for more 
than 1 year, there has been only 1 indirect 
recurrence (0.12 per cent) and this was 
judged to have been due to a missed weak- 
ness lateral to the internal ring and, there- 
fore, should have been preventable. In my 
opinion the recurrence rate of indirect sliding 
hernias should be little if any higher than 
that for ordinary indirect inguinal hernias, 
which, as noted previously, is almost nil, 
despite many reports to the contrary, e.g, 
55 per cent recurrences as noted by Hagan 
and Rhoads. 

The recurrence rate of the 164 patients in 
this series who were examined by a doctor 2 
or more years postoperatively was 1.8 per 
cent considering all types of recurrences. 
There was no recurrence as an indirect or 
indirect sliding hernia in this period of time. 
There have been no recurrences of any sort 
in the last 694 indirect sliding hernia cases 
dealt with in a period extending from No- 
vember 1949 to June 30, 1955. 


DISCUSSION 


The fact that, in our experience, sliding 
hernias are found exclusively in males can 
likely be explained on the basis of the greater 
anatomic defect present in the abdominal 
wall in the male. The scrotum also provides 
a greater space into which the hernia can 
expand than is available in the female so that 
more peritoneum may thus be pulled down. 

Why some persons should get a sliding 
hernia and others not can likely be explained 
on the basis of anatomic variations, particu- 
larly as regards the anatomic proximity of 
the sliding element (notably the cecum and 
descending colon) to the internal ring. That 
such variations do occur is very evident on 
examination of a number of barium enema 
roentgenograms. These also reveal that the 
distance of the cecum from the internal ring 
is usually considerably greater than is that of 
the descending colon which fact likely ex- 
plains the 4.5 times greater incidence of slid- 
ing hernias on the left side than on the right. 
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TABLE IV.—SLIDING HERNIA FOLLOW-UP 
No. followed with 
—________per cent of possible follow-up i 
By all methods Examined by 
(doctors, letter, or phone) doctors 


Per cent 
____recurrences. 
Cases 
Of all seen 
at time of cases by 
Per cent follow-up followed doctor 
73.9 ‘ 44 
67.7 s .98 
57.9 : 1.7 
56.2 , 1.8 
54.3 . o> 
46.6 


Minimum a 
duration 

of Total 

follow-up, No. of 

years r epat rs No. 

6 mos. 307 298 

1 303 291 

1% 299 269 

2 292 259 

3 210 185 

4 163 130 

5 

6 


No. of 


recurrences 


Per cent No. 


Le) 227 
96.0 205 
90.0 173 
88.7 164 
88.1 114 
79.7 76 
111 75 67.6 41 37.0 

70 39 55.7 17 24.3 


Follow-up to end of 1953 on 313 indirect sliding hernia repairs carried out at Shouldice Surgery up to December 31, 1951 


pinata 


— 
apaesitien 


CBEST ae. 
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:There were no recurrences occurring more than 3 years postoperatively, and there have been no further recurrences up to the date of this pub- 


lication. 


sxA]l types of recurrences are included in these figures. As only 1 of the 4 recurrences was as an indirect sliding hernia the figures for actual slid- 
ng hernia recurrences should be reduced to at least a third of these values. 


There is also the factor that normally the 
descending colon has either no mesentery or 
only a short mesentery whereas the cecum 
normally is covered completely by perito- 
neum and free in the peritoneal cavity. In 
only about 5 per cent of cases the cecum does 
not have a mesentery and is fixed to the pos- 
terior wall. It is probable that the cecal slid- 
ing hernias arise from this small group. ‘Thus 
it would seem that anatomic factors chiefly 
determine who is to get a sliding hernia and 
also the greater incidence of sliding hernias 
on the left side than on the right. 

The fact that sliding hernias are much 
commoner in the older age groups suggests 
that muscle degeneration and atrophy may 
be related etiologically to their occurrence. 
As there were no sliding hernias found in 
those operated on under 28 years of age it is 
evident that those surgeons, dealing only 
with children and young adults, may never 
or very rarely see sliding hernias, and they 
would, therefore, tend to greatly underesti- 
mate their overall incidence. 

As the duration of the sliding hernias prior 
to operation was definitely longer than av- 
erage, it would seem that the long duration 
of a hernia in itself is an etiologic factor in 
producing a sliding hernia. This could be on 
the basis of a slide mechanism acting over a 
longer period of time or also perhaps because 
the long duration of the hernia is apt in itself 
to produce atrophy of the muscle about the 
neck of the sac. Of course, also, the longer a 


hernia is present the larger it tends to be- 
come and that this larger size may be a fac- 
tor is indicated by the greater percentage of 
large hernias in the sliding hernia series as 
compared to the indirect series. The fact, 
however, that some small hernias of short 
duration are of a sliding nature suggests that, 
in these cases, there must be some anatomic 
variation strongly predisposing to the devel- 
opment of this type of hernia. The finding 
that the period prior to repair is greater in 
hernias on the right than in those on the left, 
despite the same average age of occurrence, 
suggests that these hernias are more easily 
produced on the left side and agrees with the 
clinically noted preponderance of left sided 
sliding hernias. 

The obesity associated with sliding her- 
nias seems to be of some etiologic signifi- 
cance, particularly on the left side and in 
older age groups. It may play a role in 
several ways; (1) the fat infiltrates and 
weakens the muscles in the inguinal area; 
(2) it increases intra-abdominal pressure; 
and (3) it predisposes to more and larger 
fat masses passing with the cord through 
the internal ring. These large fatty masses 
are simply extensions down the cord from 
the retroperitoneal fat and are enclosed in 
the internal spermatic fascia (transver- 
salis). Their enlargement tends to enlarge 
the internal ring predisposing to hernia. 

While rare cases of sliding hernias have 
been reported in infancy, in this study no 
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evidence of any congenital origin of the slid- 
ing hernias was found. The evidences against 
any congenital origin were the following 
facts: (1) only a very small percentage (4.15 
per cent) of these sliding hernias started as 
hernias in patients under the age of 10; (2) 
in those which started during childhood, at 
least 30 years elapsed before the operation 
at which a sliding hernia was found; (3) no 
sliding hernias were found in the 1,050 per- 
sons operated on under the age of 28 years; 
(4) there was no evidence of any fibrous 
bands or adhesions of the sliding compo- 
nents to the testicle or the cord which might 
have been considered factors in dragging 
them down with the descent of the testicle as 
Garnett suggested might be the case. The 
sliding hernias were inside the internal 
spermatic fascia with the cord but there was 
no evidence of any firmer connection be- 
tween these hernias and the cord than was 
the case for any indirect hernial sac. The 
fact that no sliding hernias were found in 
those under 28 years of age and yet that 
4.15 per cent of the sliding hernias were 
found in hernias starting in children under 
10 years of age suggests that these hernias 
started out as simple indirect hernias and 
that, with the passage of time, bowel or 
other viscus in anatomically close proximity 
to the internal ring was then dragged down 
in the enlarging sac as a sliding component 
or was pushed through the lax internal ring 
by increased intra-abdominal pressure to 
give the start of a true sliding hernia. This 
sort of mechanism would seem to explain 
the origin of most, if not all, of the sliding 
hernias studied. The sacless type of sliding 
hernia might be explained as due to bowel, 
lying over a lax internal ring, being pushed 
down inside the internal spermatic fascia 
by increased intra-abdominal pressure, and 
then being further milked down inside it by 
the various bodily movements and changes 
in the intra-abdominal pressure. 

The etiologic factors producing sliding 
hernias can, it seems, be summarized as fol- 
lows: First and likely most important is the 
anatomic arrangement in which there is 


retroperitoneal bowel or other viscus in 
close proximity to the internal ring. Second 
is a lax internal ring usually due to muscular 
degeneration or atrophy which may be the 
result of any of several secondary etiologic 
factors including (a) old age, (b) obesity, 
and (c) pressure resulting from large hernias 
of long duration. A third factor is large 
hernias in themselves, for as well as en- 
larging the internal ring they drag down 
more than the usual amount of peritoneum 
and extraperitoneal tissue. With the latter 
may be included sliding elements originally 
more remote from the internal ring. As long 
duration leads to large hernias this again 
must be considered as a secondary etiologic 
element. 

The fact that the great majority of the 
sliding hernias were recorded clinically as 
being reducible is of considerable interest 
because from the nature of these hernias it 
is evident that the sliding components can- 
not be entirely reducible in the usual sense 
of the word. When one thinks of the con- 
tents of a hernia as being reducible (i.e., 
small bowel or omentum) the reduced con- 
tents are visualized as lying free in the 
peritoneal cavity. In a sliding hernia be- 
cause of its attachments to the sac and cord 
the sliding element obviously cannot be 
reduced to be free in the peritoneal cavity. 
The clinical finding of reducibility in this 
type of hernia must therefore be an illusion. 
This illusion is likely due to the fact that in 
the majority of these cases some of the sac 
contents can actually be reduced and then 
the sliding component plus the elongated 
cord can be pressed back into the extra- 
peritoneal fat and deep to the level of the 
body wall through the characteristically lax 
internal ring giving the impression of true 
complete reducibility. 

On the basis of these considerations, 
clinical investigations were carried out to 
determine if maximal traction on the testicle 
and cord would prevent the false type of 
reduction which occurs with sliding hernias. 
Even with this maneuver it was impossible 
to take up enough of the slackness in the 





cord to prevent these hernias from being 
apparently clinically reducible. ‘The feature 
of hernia reducibility, therefore, gives us no 
help in the clinical recognition of sliding 
hernias. In practice, however, the pre- 
operative diagnosis of the sliding nature of 
a hernia is of relatively little importance for, 
as this study has shown, the approach to 
and the repair of these hernias can uni- 
versally be carried out through the usual 
inguinal hernia approach, the sliding na- 
ture of the hernia being recognized at oper- 
ation. 

While there was no instance of injury 
to the bowel or the blood supply in the cases 
reported, this is, nevertheless, the great and 
ever present danger when sliding hernias are 
dealt with by the inexperienced. Small or 
incipient sliding hernias may perhaps be 
those in which inadvertent bowel injury is 
most likely to occur when the neck of the 
sac is being ligated and excised. While quite 
rare, the sacless type of sliding hernia can 
present a real hazard, and if the operator is 
not alert to this possibility the bowel may 
be mistakenly opened under the misap- 
prehension that it is the hernial sac. Injec- 
tion treatments for hernias, which are to be 
condemned under any circumstances, would 
seem to be particularly dangerous in sliding 
hernias because of the dangers of perforating 
the bowel or producing a patch of gangrene 
in its wall by the action of the sclerosing 
agent. 

The fact that in 80 per cent of the sliding 
hernias none or only part of the sac was re- 
moved and yet the results obtained were 
better than any ever reported in the litera- 
ture would indicate that in the past the 
therapeutic emphasis has been misplaced. 
The important element is not the removal 
of the sac but rather the careful freeing of it 
from the spermatic cord and the trans- 
versalis fascia, so that it may be completely 
reduced deep to the latter in such a fashion 
that when this fascia is repaired there is no 
protrusion of sac or extraperitoneal fat 
through it. The important feature is to re- 
pair the defect in the abdominal wall 
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through which the sac and fat have pro- 
truded. The large size of a sliding hernia 
has proved no significant hindrance to its 
successful management from the inguinal 
region. 

The fact brought out in this study that all 
indirect sliding inguinal hernias can be dealt 
with from the inguinal region with almost 
no recurrences indicates that procedures 
such as cecopexy and colopexy and indeed 
any operative procedures involving a sec- 
ondary laparotomy of any sort are un- 
necessary. Such procedures needlessly in- 
crease the operative hazards to the patient 
and, because their use implies an inade- 
quate appreciation of the anatomy of this 
area, they are likely to be followed by a 
high rate of recurrences. 


CONCLUSIONS 


1. All indirect inguinal sliding hernias 
can be repaired from the inguinal region 
with a recurrence of less than 1 per cent. 
Secondary laparotomy is never necessary. 

2. In carrying out a successful hernial 
repair it is unnecessary to remove any of the 
sliding hernial sac provided it is completely 
freed from the cord and the abdominal wall 
and that it is replaced deep to the repaired 
transversalis fascia. 

3. There are no findings in the clinical 
history or on physical examination that are 
pathognomonic of a sliding hernia. 

4. The percentage of sliding hernias in- 
creases with age at least until the age of 80. 
They are 3.6 times commoner after the age 
of 50 than before. 

5. In the great majority of cases sliding 
hernias are not of congenital origin as there 
were none such in this series. The anatomic 
proximity of a viscus to the internal ring, 
however, likely facilitates the formation of 
sliding hernias. 

6. Of all types of inguinal hernias 5.06 
per cent are indirect sliding hernias. In 
patients over the age of 50 the incidence 
increases to 7.5 per cent. 

7. The occurrence of sliding hernias is 
associated with obesity, with hernias of long 
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duration and large size, and with lax in- 
ternal rings. Obesity is particularly as- 
sociated with left sided sliding hernias in 
the older age groups. 

8. Indirect sliding hernias are 4.5 times 
commoner on the left side than on the right. 

9. Indirect sliding hernias in females must 
be very rare as none was found in this 
series. 

10. The sliding component in indirect 
hernias is almost always some part of the 
large bowel, chiefly cecum on the right and 
descending or sigmoid colon on the left. 

11. Small bowel sliding hernias occur 
once in about 2,000 cases of inguinal 
hernia. 
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12. Sacless sliding hernias do occur ap.- 
proximately once in about 8,000 cases of 
inguinal hernia. 

13. The only effects of early ambulation 
commencing on the day of operation have 
been of a beneficial nature. 
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PSYCHOSIS IN SURGICAL PATIENTS 
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IN ADDITION TO OTHER COMPLICATIONS of 
surgical illness and treatment the surgeon 
encounters psychotic reactions among his 
patients. As in dealing with other complica- 
tions of surgical illness, an understanding of 
the factors leading to psychosis and of the 
management of this condition is important 
for successful surgical treatment. This report 
on psychosis in surgical patients covers one 
aspect of a psychiatric survey of 200 ran- 
domly selected and representative surgical 
patients admitted during 1 year to a general 
hospital (5). In contrast to the previous 
studies by Lindemann on psychosis in surgi- 
cal patients we have thought it important to 
discover the incidence of psychosis in a com- 
pletely random population of surgical pa- 
tients and to study the individual psychotic 
patients seen by chance in the whole experi- 
mental group. This study is based upon the 
following assumption regarding the etiology 
of psychosis: The threat to the integrity of 
the organism posed by an illness requiring 
surgical treatment is intense on both the 
somatic and psychologic fronts. Organically, 
through temporary or permanent impair- 
ment of brain function there occur defects 
in the integration of the personality which 
result in loss of accurate awareness of the en- 
vironment and lead to the confusion and un- 
restrained fear and aggression characteristic 
of a delirium. Psychologically, both the ill- 
ness and the means of treating it may arouse 
such overwhelming anxiety that the individ- 
ual develops a distortion of reality in reac- 
tion to such a threat. More often than not, 
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psychosis occurring on surgical wards is a 
result of a combined attack on both the psy- 
chologic and somatic fronts. 

In addition to a focus on psychoses ap- 
pearing during the course of surgical illness 
and treatment, we have also directed our at- 
tention to the psychotic patient who devel- 
oped his psychotic disturbance before his ad- 
mission to the hospital and to the course of 
such patients through surgical admission 
and operation. 

It has been thought important to observe 
the outcome of each type of psychosis during 
hospitalization and some months after dis- 
charge from the hospital. Observations have 
been made that shed light on etiologic se- 
quences that lead to psychosis during sur- 
gical admission. In addition, observations 
are reported on the incidence of psychotic 
conditions with various surgical entities and 
types of operation and treatment. 


METHOD 


The observations on which this article is 
based came from a detailed psychiatric sur- 
vey of patients admitted to the surgical 
wards of the Cincinnati General Hospital. 
Two hundred patients admitted to the Sur- 
gical Service between October 1, 1953 and 
September 30, 1954 were randomly selected 
by a well tested procedure described in an- 
other report (5). Comparison of the 200 pa- 
tients and the total 3,656 admissions during 
the year with respect to age, sex, race, dura- 
tion of stay, previous surgery, previous psy- 
chiatric contact, and whether or not surgery 
was performed demonstrated that the ex- 
perimental group was not significantly dif- 
ferent and, therefore, quite representative of 
the total admissions for the year. We have 
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TABLE I.—INCIDENCE OF PSYCHOSIS IN REPRE- 
SENTATIVE SAMPLE (200) OF 3,656 SURGICAL 
PATIENTS ADMITTED TO CINCINNATI GENERAL 
HOSPITAL (1953-1954) 


Time of onset 
Pre-hosp. In hosp. 


Per cent 
of total 


Per cent 
of total 


Psychosis Percent Percent patients psychosts 
Acute brain syndrome 

with psychosis....... 0 7.8 7.8 35.5 
Chronic brain syndrome 

with psychosis....... 2:5 2.8 5.3 24.2 
Schizophrenic reaction. 1.2 0. 2 
Psychotic depressive re- 

Ce) ae ae ye ae 3.0 4.0 19.4 
Paranoid state........ 7 4 Ne 4.8 
Involutional psychotic 

POARTIIR. 55 665.5405 5: 4 4 1.6 
Psychotic reaction, other 

(hysterical psychosis). 1.1 1.1 2.2 a7 


Sex: males, 26; females, 18. 
Total patients with psychosis: 44 or 22.0 per cent. 
Age(mean): of psychotics, 55.6 years; of others, 45.6 years. 


not found reason to suspect that the admis- 
sions of the year 1953 to 1954 differed in any 
major ways from the yearly admissions of 
the preceding decade. Each patient selected 
was informed of the general purpose of the 
project and interviewed as early and fre- 
quently as possible during admission and 
then 3 to 6 months after discharge from the 
hospital. Whenever possible, projective tests 
and the Minnesota Multi-Phasic Personality 
Inventory were administered to help sub- 
stantiate the psychiatric diagnosis. Also, a 
caseworker interviewed a relative or other 
informant during admission and in the fol- 
low-up period to supply further relevant in- 
formation. The data on each patient were 
analyzed by at least two independent evalu- 
ators and the consensus was used to formu- 
late statistics and conclusions. 


RESULTS 

A high degree of psychiatric morbidity, 
including neurosis, organ neurosis, charac- 
ter disorder, and psychosis in our group of 


TABLE If.—OUTCOME OF PSYCHOSES OCCURRING 
ON SURGICAL WARDS 
Improved Unchanged Worse Total 
11 


Acute brain syndrome........ 7* 18f 
Chronic brain syndrome...... 1 5 2 8 
PAPAIN MALE 6 4 56.600 00.0 5:0:00-0 1 1 
Psychotic depressive reaction... 3 3 3 9 
15 9 12 36 


*Seven delirious patients developed chronic brain syndrome. 
{Four patients with an acute brain syndrome died. 





200 surgical patients was found (5). As is il- 
lustrated in Figure 1, 86 per cent of the rep- 
resentative sample of 200 patients had either 
distressing psychologic symptoms or dis- 
abling patterns of behavior or both to the 
extent that a psychiatric illness could be di- 
agnosed. 

Possible explanations for the finding of 
very high psychiatric morbidity may be 
briefly summarized here. The surgical popu- 
lation in this municipal hospital is almost 
entirely represented by lower socioeconom- 
ic, deprived, and underprivileged social 
groups with a very high incidence of broken 
homes. Many of the patients were seen at a 
time of undeniable stress and crisis, though 
the psychiatric diagnoses were largely estab- 
lished on the basis of the overall life patterns 
of the individuals. Furthermore, it has been 
demonstrated by Ulett and Gildea that in- 
dividuals manifesting psychiatric disorder 
have histories of more frequent operations 
than persons without psychiatric illness. 

The first point to notice from Tables I and 
II is that the number of acute brain syn- 
dromes reported as improved is smaller than 
the total number diagnosed. This finding is 
a result of the divergent consequences occur- 
ring in this condition. Four patients with 
this condition expired without emerging 
from delirium. Seven went into chronic 
brain syndromes, which persisted through- 
out the period of observation. 

The course of patients developing a psy- 
chosis on our surgical wards is evidence that 
this mental condition marks the presence of 
a severe illness. More than 50 per cent of 
such patients were unchanged or worse and 
4 died. In 7 patients presenting psychotic re- 
actions, specifically acute brain syndromes, 
the subtle early changes in the mental status 
were the first signs of impending relapse in 
their surgical or metabolic status. On occa- 
sions when a patient’s operative wound and 
general condition may have seemed to augur 
uneventful recovery, the interviewers noted 
subtle changes in awareness, mood, and 
speech which proceeded to overt delirium in 
company with a generalized pathophysio- 
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logic relapse. Signs of psychologic disinte- 
gration in these cases were a sensitive indi- 
cator ofsomething going wrong systemically. 
Minimal disturbances in speech including 
| bizarre choice of words, thickening or slur- 
ring of speech, mild confusion, increased 
restlessness, false interpretation of stimuli, 
increased irritability, lethargy, and slight 
suspiciousness are all early signs that changes 
in mental status are occurring that may pre- 
cede frank delirium. For confirmation two 
diagnostic techniques long in the employ of 
clinicians have been found useful for very 
early detection of threatened delirium. If a 
blank, white sheet of paper is held before the 
| eyes of a patient in impending delirium and 
he is asked what he sees, he may often de- 
scribe transient hallucinatory experiences. 
In another method, the closed eyes of such a 
patient are massaged gently and in a posi- 
tive reaction the commonly seen flashes of 
light are interpreted in a hallucinatory or 
illusory fashion. To cite a typical example, a 
lonely and fearful old man weathered a her- 
niorraphy successfully, but on the second 
postoperative day his speech seemed slurred 
and the choice of words subtly inappropriate 
while he tentatively expressed quasi-para- 
noid ideas. His sensorium was without gross 
defects but the white paper test produced a 
burst of anger presumably provoked by the 
images seen. On the third postoperative day 
a delirium was plainly recognized and by 
nightfall the first signs of intestinal obstruc- 
tion made themselves known, necessitating 
laparotomy and resection of gangrenous 
bowel. The patient’s recovery from the sec- 
ond procedure was prolonged, and though 
his sensorium cleared he seemed not as alert, 
energetic, and interested in his environment 
at the time of the 3 months’ follow-up in 
comparison with his former personality. 
Thus, the early recognition of sensorial 
changes in the mental status examination 
nay be of crucial importance in alerting the 
surgeon to growing danger of surgical com- 
plication or relapse. 
The almost everyday occurrence of de- 
liria and their commonness as a postopera- 
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Fic. 1. Major psychiatric diagnoses among 200 rep- 
resentative surgical patients. 


tive complication does not make them less 
momentous as far as the patient himself is 
concerned. The fact that so many delirious 
patients—32 per cent in our series—con- 
tinue in chronic brain syndrome or never 
quite regain their former mental sharpness 
allows no room for nonchalance regarding 
the prevention and treatment of these condi- 
tions. 

A further review of the organic psychoses 
in our series enables us to make observations 
of preventive and therapeutic significance. 
For such purposes we have divided the or- 
ganic psychoses we detected into four groups. 

The first two groups include alcoholic and 
traumatic cases. The alcoholic person stands 
a sizeable chance of delirium in response to 
anesthesia or upon the withdrawal of alco- 
hol. The traumatic patient enters the hos- 
pital in delirium or awakens from a coma in 
one. The etiologic factors in these two types 
of acute organic psychoses have had their 
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effect prior to admission and there is usually 
little beyond supportive measures that can 
be done to halt the process. 

A third subgroup likely to pass, during a 
surgical admission, into either acute or 
chronic brain syndromes with psychosis con- 
sists of people who are aged and lonely. A 
rough correlation can be established between 
the development of organic psychoses in 
elderly people and their loneliness, the num- 
ber of visitors they have during hospitaliza- 
tion, or the lack of close and supportive rela- 
tives and friends. We rated the degree of iso- 
lation versus support from family or friends 
during the surgical illness of each patient, 
employing social service and psychiatric in- 
terview data. This survey showed that 77 
per cent of the psychotic patients in our 
series over 65 were relatively isolated and 
abandoned people. In comparison, 58 per 
cent of the nonpsychotic patients in our 
group over 65 years old were isolated, lonely 
people. Though this difference is not statis- 
tically significant, it suggests that elderly, 
abandoned men and women benefit from 
close attention and support for prevention of 
psychosis during their hospital stay. 

A fourth category of organic psychoses in- 
cludes elderly patients admitted for treat- 
ment of hip fracture or for amputation of 
gangrenous limbs affected by peripheral vas- 
cular disease. The factor in this group that 
seems to contribute significantly to the etiol- 
ogy of psychosis is the degree of immobiliza- 
tion they experience, i.e., how long and how 
consistently the patients are forced to remain 
on their back or are otherwise immobilized 
by orthopedic apparatus. We noted that if 
there is early ambulation there is less likeli- 
hood of a psychosis occurring than if the pa- 
tient is in bed for weeks pinned down by 
the traction apparatus. 

There were 7 amputations in our series. 
Four patients over 65 years of age had lower 
extremity amputations and all manifested 
an organic psychosis during their stay. Three 
patients under 65 had an amputation of a 
lower extremity and did not manifest psy- 
chosis. Of 5 patients with a hip fracture who 


were over 65 years old, 3 were allowed early 
ambulation and none showed _ psychosis; 
while 2 who were immobilized by treatment 
became psychotic. The latter groups are too 
small to be of statistical significance. How- 
ever, our general observations on the surgical 
wards tend to support the concept that 
immobilizing a patient or removing append- 
ages promotes a psychotic reaction: it ap- 
pears that choice of treatment for hip frac- 
tures or peripheral vascular disease should 
include a consideration of the likelihood of 
ensuing organic psychosis in elderly people 
when surgical treatment is elected. 


FUNCTIONAL PSYCHOSIS 


The major functional psychosis occurring 
on the surgical wards was found to be the 
psychotic depressive reaction, a total of 9 
having their onset during surgical treatment. 
Five of these reactions occurred in patients 
found to have various forms of cancer. Cer- 
vicitis, vaginal bleeding, and hysterectomy 
for fibroids were causes for hospitalization 
in 3 while the ninth patient was admitted 
for abdominal complaints and because a 
‘“‘mass” had been palpated. A laparotomy 
was performed with negative findings. The 
psychiatric opinion was that the patient ac- 
tually presented a severe hypochondriacal 
neurosis which became an agitated depres- 
sion during preparation for surgery. 

An assessment of environmental factors in 
the psychotic cancer patients revealed that 
in 4 there was a real lack of closeness with 
others, even an absence of contact with fam- 
ily or relatives, that there were no or few 
visitors, and that the patients were essentially 
isolated and lonely people prior to their ad- 
mission. This finding is interesting in com- 
parison with cancer patients who did not 
become psychotic. ‘They were found in our 
study to have retained contact with suppor- 
tive relatives, friends, and hospital visitors. 
The observations of Sutherland and Ohr- 
bach that the cancer patient very frequently 
experiences a sense of isolation, guilt, and 
abandonment is borne out by our study of 
psychotic and nonpsychotic cancer patients. 
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Our findings show that the psychologic re- 
action to cancer is more severe, to the point 
of psychosis, when the abandonment has 
reality and is not simply the individual’s in- 
ner fantasy. For illustration, there was in our 
series an attractive 34 year old colored wom- 
an who broke with her husband 18 months 
before admission. The initial diagnosis of 
acute appendicitis was changed during lapa- 
rotomy to carcinoma of the ascending colon, 
and resection was performed. In psychiatric 
interviews the patient was found to be a reti- 
cent and shy woman. The surgeons decided 
not to tell her that she had carcinoma. In- 
stead, they told her another truth: that she 
had had an intra-abdominal abscess. The 
patient’s only contact outside of the hospital 
was an unreliable sister who visited her very 
seldom. As postoperative recovery pro- 
gressed slowly, the patient receded more and 
more from any kind of interpersonal rela- 
tions. When the investigator could get her 
to talk, she told of melancholy, sleepless 
nights, and bizarre dissociative experiences. 
She would occasionally and very tentatively 
come close to expressing a suspicion that she 
might have cancer and she hinted that she 
expected to die. A continuing low grade 
fever and malaise constituted added stress. 
When the surgical house officer brought a 
social case worker to discuss plans for post- 
discharge convalescence there occurred an 
elevation of mood and by the time of the 
follow-up interview there was further im- 
provement, though the patient remained 
noticeably depressed. In the follow-up inter- 
view the patient revealed her long and per- 
sistent guess that she had cancer. She was 
still living a very isolated and apathetic life 
with no effort to re-establish former con- 
tacts. 

The development of a paranoid state in a 
patient during hospitalization is of interest. 
An eccentric, passively stubborn, and de- 
pendent man of 53 with a history of alcohol- 
ism, long delayed seeking surgical treatment 
for severe high obstructive symptoms until 
he could not even swallow liquids. He had 
been on a self-imposed milk and soup diet 


for about a month and at the time of admis- 
sion was severely emaciated. He described 
during the first interview the experience of 
seeing his esophageal carcinoma in a mirror 
during esophagoscopy. It had been ex- 
plained to him that this tumor would be re- 
moved after his nutritional status had suffi- 
ciently improved, and a jejunostomy for 
feeding purposes was performed. Soon the 
patient began to resist jejunostomy feedings, 
claiming first that they “bloated” him, then 
that they were poorly prepared, and finally 
hinting at malice in the intentions of the 
nurses treating him. ‘The operation was de- 
layed time and again and on each occasion 
the patient’s anticipatory anxiety increased. 
He likened his feelings curiously to those of 
a small boy in a train wreck on an empty 
desert. He talked to no one spontaneously, 
began avoiding the psychiatric interviewer, 
and then directly demanded that he be left 
alone by him. The patient finally came to 
the verge of physical attack on the inter- 
viewer, shouting that the physician was try- 
ing to “‘get something on me.”’ As jejunos- 
tomy feedings dwindled to much less than 
the amount planned to gain strength for the 
patient, because of his recalcitrant behavior, 
he was repeatedly observed by nurses to be 
secreting food from the trays of other pa- 
tients, apparently chewing and spitting the 
food back into a receptacle at night. (It may 
be that this man would have been much 
more amenable to surgical treatment if he 
had been allowed to taste and chew food 
occasionally. An attitude of approval and 
encouragement toward the practice might 
have replaced his feeling that it had to be 
a covert and guilty procedure.) The patient’s 
only pleasure appeared to be the almost con- 
stant smoking of large cigars. Otherwise, he 
kept to himself and avoided speaking to any- 
one. Finally, the surgery was done 3 months 
after admission and after a fruitless struggle 
to get his co-operation to improve his nutri- 
tional status. Though the tumor mass was 
totally resected in the first stage, the patient 
deteriorated steadily during the ensuing 
month and died. Necropsy showed broncho- 
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pneumonia and metastases of the carcinoma 
to regional lymph nodes. The interrelation 
of a paranoid psychosis and surgical treat- 
ment is complex and significant in this case. 
In summary, this was an abandoned and 
withdrawn suspicious man who fought ac- 
cepting jejunostomy feedings because he had 
the idea that they were detrimental. He de- 
veloped a guilty attitude about taking food 
in his mouth and about social contacts, then 
became psychotic. As a consequence, any 
treatment possibilities which existed became 
hopeless. 

Our data suggest the need for increased 
attention to the patient’s psychologic state 
in the management of cancer cases. The po- 
tential for gross and severe emotional dis- 
turbance is high. It is entirely possible that 
treatment methods and the physician’s atti- 
tude toward cancer tend to enhance the oft 
observed abandonment and isolation which 
cancer patients experience. ‘Their need for 
closeness, support, and continuity of contact 
with others should be considered in the plan- 
ning of their care within the hospital milieu. 


THE CONCEPT OF POSTOPERATIVE PSYCHOSIS 


Psychiatric and surgical literature fre- 
quently make reference to a syndrome con- 
strued, like paresis or a homosexual panic 
state, to be a separate entity with distinct 
form and particular etiology. The fallacy of 
such nosology is comparable to a former con- 
troversy about “‘postpartum psychosis.” Our 
data do not support either the existence of 
such a separate etiologic entity nor the use- 
fulness of “‘postoperative psychosis” as a di- 
agnostic term. ‘The psychoses which we have 
observed represent nearly the whole range 
and variety of known syndromes and have 
no circumscribed form distinguishing them 
from other psychoses. ‘The multiple stresses 
and causes of the psychoses subsequent to 
operation follow pathways similar to those 
observed in other psychotic disturbances. df 
there are distinctive properties they reside 
in the occasional acuteness of these condi- 
tions and in the fact that they sometimes 
arise during or after an operative treatment, 
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but such properties do not, in the authors’ 
opinion, serve to separate nosologically the 
organic and functional psychoses which have 
been the subject of this paper. 


SUMMARY 


1. Psychosis was a finding in 44 of 200 
surgical patients (22 per cent) constituting 
a representative sample of 3,656 patients 
admitted to the surgical wards of the Cin- 
cinnati General Hospital during the year 
1953 to 1954. 

2. An acute brain syndrome or delirium 
was Often the first sign of impending relapse 
in the general medical condition of the pa- 
tients. A delirium was frequently the first 
sign of continuing mental deterioration, 
leading in elderly patients to a chronic brain 
syndrome or some lesser defect in mentation. 
These findings indicate the need for early 
recognition and prompt treatment of even 
the subtle signs of delirium. 

3. Aging patients who lost the closeness 
and support of family, friends, or visitors de- 
veloped an organic psychosis, in response to 
the stress of illness and surgery more often 
than those who retained close family con- 
tacts. 

4. Elderly men and women immobilized 
for treatment of hip fractures were prone to 
mental deterioration, in contrast to patients 
with hip fracture who were allowed early 
ambulation. A similar liability to psychotic 
break appeared among elderly patients un- 
dergoing amputation of an extremity. 

5. Psychotic depressive reactions repre- 
sented the major functional psychosis occur- 
ring in our series of patients after admission 
to the hospital. The majority of these reac- 
tions occurred in cancer patients. The psy- 
chosis became manifest in cancer patients 
when the commonly found inner sense of 
abandonment and guilty isolation was rein- 
forced by realistic factors in their environ- 
ment. It is postulated that impotent rage and 
ensuing guilt, against the environment be- 
cause of actual or marginal awareness of the 
cancer, may enhance the development of 
the depressive reaction. 











sii 
til 


Ld 








Titchener ef al.: PSYCHOSIS IN SURGICAL PATIENTS 65 


(. The concept of “‘postoperative psycho- 
sis’ as a distinct etiologic and nosologic en- 
tity is not supported by our data. 
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AN EXPERIMENTAL AND CLINICAL STUDY OF 
THE PREVENTION OF THROMBOPHLEBITIC 






SEQUELAE BY CORTISONE ACETATE 
(-DEHYDRO-17-HY DROXYCORTICOSTERONE-21-ACETATE) 


F. MILES FLICKINGER, M.D., F.A.C.S., and I. W. D. HENDERSON, M.D., Lima, Ohio 


‘THE CLINICAL PROBLEMS which frequently 
result from fibrosis of the thrombus, vein 
wall, perivenous connective tissue, and lym- 
phatics following thrombophlebitis often 
prove resistant to our accepted methods of 
management. Anticoagulants have aided in 
lowering the incidence of postphlebitic se- 
quelae; however, we continue to see a group 
of patients with large, tender, and edema- 
tous limbs often complicated by stasis ulcers, 
ankle dermatitis, chronic cellulitis, and 
chronic lymphangitis, whom we recognize 
as postphlebitic invalids. Repeated observa- 
tions have shown the inhibitory effect of 
cortisone acetate on fibroplasia. Application 
of this property of cortisone acetate to the 
phase of organization and fibrosis following 
thrombophlebitis appeared to be logical 
and to warrant study and evaluation. 

Early observations of the effect of corti- 
sone acetate on blood coagulation were in- 
terpreted by most investigators as causing a 
state of increased coagulability. Dalton and 
Selye, in 1939, noted an increase in clotting 
time during the alarm reaction. Anglem, in 
1950, pointed out a possible relationship be- 
tween thrombophlebitis and the alarm reac- 
tion. Cosgriff, Diefenbach, and Vogt, in 
1950, reported studies on the causes of de- 
creased clotting time accompanying corti- 
sone acetate therapy. In a few patients the 
decreased clotting time persisted 7 to 15 
days after cortisone acetate and ACTH were 
discontinued. ‘They placed emphasis on the 
hypersensitivity of patients to dicumarol 
while receiving ACTH or cortisone acetate 
and recommended a reduction in_ the 





amount of anticoagulant drug. In 1951, 
Nelson concluded from his investigations 
that acTH therapy in dogs was associated 
with an increased incidence of venous throm- 
bosis and decreased clotting time. Coagula- 
tion time was reduced within 4 hours to 
one-fourth of the preinjection level. McGraw, 
Margulis, and Brush reported the develop- 
ment of hypoprothrombinemia and an in- 
crease in a heparin substance after the insti- 
tution of AcTH therapy. This was followed 
shortly by a hyperprothrombinemia and a 
decrease of heparin substance; these values 
were measured by Quick and Shapiro pro- 
thrombin times and protamine titrations. 
Some protamine values doubled after ActH 
injection. They reported on the treatment 
of phlebothrombosis and thrombophlebitis 
using ACTH in 12 patients and cortisone 
acetate in 1 patient. All patients were re- 
lieved symptomatically within 24 hours. 
Temperature elevations fell rapidly in 5 pa- 
tients. Tenderness subsided promptly and 
all experienced a sense of well-being and 
elation. As much as a 7 inch (18 cm.) de- 
crease in leg circumference was noted in 24 
hours, associated, in 1 patient, with a 5 
pound weight loss. It was concluded that 
increased coagulability of the blood pre- 
cluded the clinical use of cortisone acetate 
and ACTH. 


EXPERIMENTAL OBSERVATIONS 


The lateral radial veins and lateral sap)e- 
nous veins were selected for sclerosis in 12 
dogs. The dogs were anesthetized with so- 
dium pentobarbital. A total of 46 veins were 
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TABLE I.—HISTOPATHOLOGIC CHANGES COMPARED AT CORRESPONDING TIME INTERVALS 


____Days after treatment begun_ 


Changes 2004 7008 
cfr & F U 
Fib: oplasia with invasion = 
of thrombus... . ner ' 
Fibrin lamellization. . . ee 
Polymorphonuclear 2 ence 
infiltration ........ ’ 
Fibril formation. . . 
+ 
Degenerated eosinophilic ground sub- 
stance in lumen... . - ee 
Capillary invasion of thrombus... . 
+ 
Filling with fresh erythrocytes... ... 
Autolysis of old erythrocytes. . a 
+++ 


Degeneration of thrombus......... 


Fibrosing of vein wall............. 


Hyperplasia of intima. . 


Subintima! eosinophilic meshwork. . 


Recanalization... . 


U-—Untreated. T—Cortisone treated. 


injected. The veins in a group of 6 dogs 
were used for control studies, and the veins 
in a second group of 6 dogs were studied for 
the effect of cortisone acetate. Gross and 
histopathologic pictures of resolution were 
evaluated on the veins of both the cortisone 
acetate and non-cortisone acetate treated 
animals. Pathologic changes in the lumen, 
vein walls, and perivenous tissues in all mi- 
croscopic sections were described. A hema- 
toxylin eosin stain was employed. 


METHOD 


A group of a mixed breed of dogs was 
utilized as experimental animals. The lateral 
radial and saphenous veins of all experimen- 
tal animals were sclerosed artificially by the 
use of retrograde injections of 2 to 4 cubic 
centimeters of 5 per cent sodium morrhuate 
in benzyl alcohol. Following a trial of a va- 
ric. y of sclerosing agents, including topical 
th ombin and 50 per cent glucose, sodium 
m:rrhuate was selected since it consistently 
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produced an extensive sclerosis which more 
accurately simulated clinical thrombophle- 
bitis. A temporary ligature of No. 00 black 
silk was applied at the site of the injection 
and was removed 72 hours later. For the 
purposes of this study, the day of removal 
of the ligature is designated as the first day 
of the study. All subsequent time intervals 
are recorded on this basis. Cortisone ace- 
tate (11-dehydro-17-hydroxycorticosterone- 
21-acetate) was administered to those ani- 
mals selected for treatment in a dosage of 
1.5 milligrams per kilogram of body weight 
per day by the intramuscular route. Treat- 
ment was started on the first day. 

Serial vein excisional biopsies were made 
at 3 to 6 day intervals for temporal evalua- 
tion and comparison in both the treated and 
control groups. The utilization of multiple 
dogs for temporal evaluation of resolution 
was countenanced in view of the consistent 
sclerosis produced by sodium morrhuate. 
This method permitted biopsy of a distinctly 
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Fic. 1. A photomicrograph of a thrombosed vein show- 
ing invasion of the thrombus by fibroblasts. F-om a dog’s 
vein which had been 3 days without cortisone acetate 
treatment. 153. 


separate vein at each interval. It is to be 
noted that the biopsy sections reviewed in 
the later period of the study are from dif- 
ferent animals than were employed in the 
early period of the study. 


GROSS PATHOLOGIC ANATOMIC RESULTS 


The untreated or control animals were 
observed to display stiffness of their limbs 
and reduction of their usual activity. The 
thrombosed veins were tender to palpation. 
Of all veins injected 100 per cent became 
thrombosed as was established by palpa- 
tion. Excisional biopsies of segments of 
veins from the untreated animals were diffi- 
cult to perform because of the associated 
periphlebitis. ‘This was particularly true in 
the forelegs where there often was involve- 
ment of the surrounding neurovascular con- 
nective tissue. Frequently segments of the 
associated nerve and artery were removed 
as it proved impossible to separate these 
structures from the vein. Recanalization was 





first noted in 31 days but in some veins h id 
not developed at 44 to 46 days. The veins 
were observed to remain fibrotic, thickened, 
and firm at the termination of the studies 
at 46 days. There were no pulmonary com- 
plications nor deaths. 

The cortisone acetate treated animals dis- 
played minimal stiffness of their limbs and 
were observed to engage in their normal ac- 
tivity. One hundred per cent of the veins 
were observed to have become thrombosed. 
By the third day the tenderness had sub- 
sided over the area of the thrombosis. Seg- 
mental vein biopsies were removed without 
difficulty and there were no periphlebitic ad- 
hesions comparable to those observed in the 
untreated animals. ‘The vein lumen became 
patent and functional as was demonstrated 
by free bleeding from the sectioned vessel 
after the twenty-first day. The vein wall 
reverted to normal appearance by the thir- 
ty-sixth to the fortieth day and on palpation 
was soft and flexible. No pulmonary com- 
plications or deaths were observed, and 
there was no residual distal edema appar- 
ent in any of the limbs which were under 
study. 


MICROSCOPIC PATHOLOGIC RESULTS 


Totally dissimilar histopathologic proc- 
esses (Table I) were observed to develop in 
the cortisone acetate treated and untreated 
groups. By the third day (Fig. 1), in the un- 
treated group, fibroblastic proliferation with 
invasion of the thrombus was evident. Cap- 
illaries were observed to invade the fibrous 
tissue network of the thrombus by the sev- 
enth day (Fig. 2). Capillaries became filled 
with fresh erythrocytes on the twenty-first 
day. By the twenty-fifth day the vein wall 
was thickened and the entire thrombus con- 
verted into a fibrous tissue network plugging 
the lumen. By the thirty-first day the fibrous 
tissue was more mature. There was in- 
creased capillary recanalization and the lu- 
men of the vein was filled with fresh erythro - 
cytes in some areas. By the thirty-fifth ‘0 
thirty-eighth day a small recanalized chai - 
nel surrounded by a thick mesh of fibrows 























connective tissue had formed. By the forty- 
fourth day (Fig. 3) progressive recanalization 
had continued, but only a small area of the 
lumen was patent and functional. An ex- 
tremely thick fibrotic perivenous, mural, 
and luminal layer surrounded the tiny new 
lumen. 

A different histopathologic process was 
observed in the cortisone acetate treated 
group. On the second day (Fig. 4) a scat- 
tered fibroblastic infiltration limited to the 
junction of the intima and clot was appar- 
ent, but no invasion of the thrombus had 
occurred. A few fibrinoid strands were noted 
weaving between the thrombosed cells and 
a mild inflammatory reaction appeared at 
the periphery. On the fourth day the fibrin- 
oid reaction increasingly interlaced the 
thrombus closely associated with numerous 
invading polymorphonuclear leucocytes. On 
the eighth day these changes had progressed 
to a degree in which the clotted cells were 
disintegrating between the laminations of 
the fibrinoid strands and polymorphonu- 
clear cells. By the eleventh day the subinti- 
mal layer had become an eosinophilic mesh- 
work of large cells lying in a loose reticulum 
of ground substance. Open spaces, believed 
to result from edema, appeared in an axial 
arrangement perpendicular to the intima. 
The intima itself was thickened into two or 
three layers of cells paralleling the lumen. 
Although fibroblasts occasionally were noted 
in the intima-thrombus junction, there was 
no fibril formation. Strands of fibrinoid ma- 
terial persisted but the associated leucocytic 
response was subsiding. On the eighteenth 
day (Fig. 5) the subintimal layer appeared 
to be paler and more sparsely cellular. The 
thickened intima persisted. The thrombus 
had at this point become converted into a 
sea of amorphous eosinophilic debris which 
contained rare pyknotic fibroblasts and 
da:k-staining round cells. Disintegration of 
the modified thrombus then commenced, 
an! one section demonstrated what was in- 
ter reted as very early hemic movement 
th: ough the ragged-appearing channels with 
sec ndary sludging and clotting. On the 
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Fic. 2. A photomicrograph of a thrombus showing 
maturation of fibroblasts and capillary invasion. From a 
dog’s vein which had been 7 days without cortisone ace- 
tate treatment. 187. 


twenty-first day true recanalization was evi- 
dent. A one cell layer of intima surrounded 
a new lumen which contained fresh erythro- 
cytes. The subintimal layer appeared to be 
a decreasingly cellular open meshwork. By 
the twenty-fourth day the junctional fibro- 
blasts had almost disappeared and _ those 
that could be recognized were universally 
pyknotic. The subintimal layer noted pre- 
viously as being eosinophilic had become 
neutrophilic in many areas. The lumen had 
enlarged and was carrying fresh blood. Be- 
tween the twenty-ninth and fortieth days 
the subintimal meshwork continued to show 
a decrease of cellular elements. The lumen 
had returned to a normal diameter. Be- 
tween the fortieth to forty-fourth day 
(Fig. 6) the veins had become completely 
normal in appearance with the exception of 
a slight residual subintimal and mural edem- 
atous meshwork which was flattening and 
thinning out into filamentous _lace-like 
strands. 
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Fic. 3. A photomicrograph of a thrombus showing the 
late or terminal phase of fibrosis with a small degree of 
recanalization. From a dog’s vein which had been 44 
days without cortisone acetate treatment. X61. 


CLINICAL OBSERVATIONS 


We have had experience in the use of 
cortisone acetate as a portion of the therapy 
in 11 cases of thrombophlebitis. The sub- 
clavian and axillary veins were involved in 
2 patients, while the iliac, femoral, and 
saphenous veins were involved in 9. A brief 
résumé of case histories follows. 


Case 1. A 36 year old man was admitted to the 
hospital on February 28, 1953 with acute right iliac 
and femoral thrombophlebitis of 4 days’ duration. 
The entire right leg from ankle to groin was swollen, 
edematous, red, and warm. There was marked tender- 
ness on palpation over the course of the iliac, femoral, 
popliteal, and saphenous veins. There was no known 
contributory cause. He had experienced a cerebral 
vascular accident 1 year prior to this illness as a post- 
operative complication following the repair of a right 
inguinal hernia. Temperature was recorded 100.4 
degrees F. and pulse 110. Erythrocyte and leucocyte 
studies were normal. A urinalysis was negative. He 
was given cortisone acetate 100 milligrams daily, 
this being reduced to 50 milligrams daily on the third 
day. Concurrently he was given dicumarol with the 
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prothrombin time (Quick) maintained between 38 
and 20 per cent of normal. The swelling and p.in 
diminished in 24 hours after treatment was initia‘ed. 
Dicumarol was discontinued on March 31, 1°53, 
Cortisone acetate was discontinued on April 14. When 
examined on April 14 there was no abnormality noted 
in the right leg. All pain and tenderness were absent 
and the patient was performing full time labor. At 
present there is no evidence of edema or other post- 
phlebitic sequelae. 

Case 2. A 16 year old young man was admitted to 
the hospital on April 16, 1953 with acute thrombophle- 
bitis of the left subclavian and axillary veins of 12 
hours’ duration. The left arm was edematous and 
markedly swollen from finger tip to shoulder and 
axilla. Cyanosis of the hand and fingernails was 
present. There was tenderness over the upper arm 
neurovascular bundle. He had pitched a softball game 
the afternoon before the onset of the phlebitis. There 
had been no previous serious illness. Temperature was 
recorded 100 degrees F. and pulse 100. Erythrocyte 
and leucocyte studies were normal. Urinalysis was 
negative. Posteroanterior roentgenogram of the chest 
was negative. He was given 100 milligrams of corti- 
sone acetate daily, this being reduced to 50 milligrams 
daily on the third day. Concurrently he was given 
dicumarol with prothrombin time (Quick) main- 
tained between 38 and 20 per cent of normal. Pain 
began to diminish in 24 hours and swelling in 72 
hours after treatment was initiated. Dicumarol was 
discontinued on April 28, 1953. Cortisone acetate was 
discontinued on June 1. At that time the arm and 
hand had returned to normal appearance. At the 
present time the arm is completely normal. 

Case 3. A 44 year old woman was admitted to the 
hospital on May 20, 1953 with acute thrombophlebitis 
of the right subclavian and axillary veins of 24 hours’ 
duration. The entire forearm and arm were swollen, 
edematous, and tender. Past history was of no sig- 
nificance. Temperature was recorded at 98.8 degrees 
F. and pulse 96. Erythrocyte and leucocyte counts 
were normal. Urinalysis was negative. Heparin, 50 
milligrams, was given intravenously every 3 hours lor 
48 hours. Cortisone acetate, 100 milligrams, was 
given for 3 days, then reduced to 50 mg. daily. Dicu- 
marol was given in amounts to maintain a prothrom- 
bin time (Quick) between 38 and 20 per cent of 
normal. Pain and swelling subsided in 72 hours afier 
treatment was begun. Dicumarol was discontinued on 
June 13. Cortisone acetate was discontinued on July 
1, at which time the arm and hand had returned to a 
normal appearance. At the present time the arm is 
completely normal. 

Case 4. A 50 year old man, who was a bus driv’r, 
was seen in consultation on November 16, 1953 at the 
onset of recurrence of a right greater saphenc us 
phlebitis of 2 weeks’ duration. The lower leg was 
edematous and the saphenous vein cord-like throug h- 
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out its course. Seven years previously he had de- 
velo,ed a right limb phlebitis which had been treated 
by bed rest for 6 weeks. A left idiopathic iliac and fem- 
oral phlebitis developed in July 1953. He had re- 
mained in bed for 4 weeks and had not returned to 
work for 8 weeks. The present episode developed with 
pain and tenderness over the right greater saphenous 
vein 14 days before admission. Examination revealed 
a cord-like tender right greater saphenous vein. The 
left greater saphenous véin was fibrosed and cord-like 
as a residual of the phlebitis experienced in July. 
Temperature was recorded 100 degrees F. and pulse 
88. emoral, dorsalis pedis, and popliteal pulses were 
normal. Cortisone acetate, 100 milligrams, was given 
daily. A decrease in pain and edema was observed in 
4 days. Cortisone acetate was reduced to 50 milli- 
grams daily on the fourth day and maintained 
accordingly until it was discontinued on May 1. At 
that time there had been bilateral disappearance of 
the thickened saphenous cords with absence of edema. 
At present examination both limbs are normal. 

Case 5. A 47 year old man was seen on April 5, 
1954 with acute thrombophlebitis of the right greater 
saphenous vein. The right leg had become swollen, 
tender, and edematous 5 days earlier. There was no 
history of trauma. Upon examination the greater 
saphenous vein was found thrombosed throughout its 
course and was tender on palpation. The lower leg 
was edematous, red, warm, and tender. Temperature 
was 100 degrees F. and pulse 90 per minute. He was 
advised to elevate the leg and use warm, moist packs. 
One hundred milligrams of cortisone acetate a day 
were given for 4 days followed by 50 milligrams daily 
for 1 month. On April 13 the acute inflammatory 
reaction had subsided and all tenderness had disap- 
peared. The thrombosis had resolved on May 7 as 
indicated by the absence of induration and firmness 
about the vein. At the present time the leg is com- 
pletely normal. 

Case 6. The patient was a physician 36 years of age 
who was admitted to the hospital on June 21, 1954 
with thrombophlebitis of the left popliteal vein. Three 
days earlier he had developed sudden pain in the left 
popliteal space followed by swelling. and edema of the 
lower leg, accompanied by thrombosis of the popliteal 
vein. There was no history of trauma nor other con- 
tributory causes. An examination revealed a swollen, 
tender left leg which was warm. The popliteal vein 
was cord-like and rigid. Tenderness was noted over 
the course of the deep femoral veins. Temperature 
was 99.8 degrees F. and pulse 80 per minute. Blood 
count was normal. He was given 100 milligrams of 
cort:sone acetate daily for 4 days followed by 50 
milligrams daily. Dicumarol was given in a dosage 
whi‘ h maintained a prothrombin time (Quick) be- 
twe'n 35 to 20 per cent of normal. The acute pain 
disapeared on the fourth day of treatment. Dicu- 
mail was discontinued in 3 weeks and cortisone 
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Fic. 4. A photomicrograph of a thrombus showing an 
absence of fibroplasia. From a dog’s vein which had been 
on cortisone acetate treatment for 2 days. 109. 


acetate in 6 weeks. The thrombosis disappeared from 
the left popliteal vein in 6 weeks. At present there are 
no residual symptoms. 

Case 7. A 64 year old white woman was admitted 
to the hospital on February 2, 1955 with acute left 
iliac, femoral, and saphenous thrombophlebitis of 7 
days’ duration. She had developed a left limb phlebitis 
in 1913 with a pregnancy and had worn an elastic 
support for several months. There was no history of a 
discernible cause relative to the recent episode of 
phlebitis. Marked swelling was present over the entire 
left leg with marked tenderness over the femoral, 
saphenous, and popliteal veins. Temperature was 
98.6 degrees and pulse 84. Pelvic examination was 
negative. Sedimentation rate was negative. Erythro- 
cyte, leucocyte, and urine examinations were nega- 
tive. She was placed on cortisone acetate, 100 milli- 
grams daily for 4 days followed by 50 milligrams 
daily. Dicumarol and tromexan were given in an 
amount necessary to maintain the prothrombin time 
between 38 and 20 per cent of normal. Anticoagulants 
were discontinued on February 23. On this date the 
edema had subsided and there was no residual thick- 
ening of the veins. Tenderness over the veins had 
disappeared. Cortisone acetate was discontinued on 
April 1. At present the limb appears to be normal. 

Case 8. A 23 year old white man was admitted to 
the hospital on May 25, 1953 with severe acute right 
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Fic. 5. A photomicrograph of a thrombus showing 
dissolution and degeneration of the thrombus. Note 
absence of fibroblasts and capillaries. From a dog’s vein 
which had been on cortisone acetate treatment 18 days. 
xX 109. 


iliac and femoral thrombophlebitis of 48 hours’ dura- 
tion. There had been sudden onset of pain in the right 
thigh followed by chills and fever. The patient, an 
electric welder, recalled having received a blow to the 
thigh the day prior to the onset of symptoms. Right 
femoral, popliteal, and greater saphenous veins were 
tender on palpation. Erythrocyte and_ leucocyte 
counts were negative. Urinalysis was negative. 
Temperature was 102.4 degrees F. and pulse was 118 
per minute. He was placed on wycillin, 400,000 units 
daily, and on a dicumarol dosage sufficient to main- 
tain a prothrombin time (Quick) between 38 and 20 
per cent of normal. He was given cortisone acetate, 
100 milligrams daily for 4 days followed by 50 mil- 
ligrams daily. Temperature returned to normal on the 
fourth day and pain and swelling disappeared on the 
seventh day. Dicumarol was discontinued on June 8. 
Cortisone acetate was continued to July 30. The leg is 
normal at the present time. 

Case 9. A 36 year old white woman was admitted 
to the hospital January 14, 1955 with acute right iliac 
and femoral thrombophlebitis. She injured the right 
leg in a fall October 20, 1954. In the course of the 
next 24 hours she had developed swelling and edema 
of the entire right limb which had persisted with pain 
so severe that hospitalization was required. She was 
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released to her home but failure to achieve imp. ove- 
ment necessitated readmission to the hospital. A: this 
admission there was marked edema and cyanoti: dis- 
coloration of the lower leg with exquisite tende ness 
over the femoral and iliac areas. Temperature was 
100.4 degrees F. and pulse 110 per minute. Pelvic 
examination was negative. Erythrocyte and leucocyte 
counts were normal. Sedimentation rate and urinaly- 
sis were negative. She was given tromexan and 
dicumarol in sufficient dosage to maintain a pro- 
thrombin time between 35 and 20 per cent of normal. 
Cortisone acetate was given in a dosage of 100 milli- 
grams a day for 4 days followed by 50 milligrams 
daily. The pain subsided in 24 hours and swelling 
diminished gradually over a period of 2 weeks. 
Dicumarol and tromexan were discontinued January 
22, 1955. Cortisone acetate was discontinued March 
15. The color, tenderness, and edema began to sub- 
side in 24 hours. At present the vessels are normal on 
palpation. A perceptible edema is present only at the 
conclusion of a day’s activities. 

Case 10. A 58 year old woman was admitted to 
the hospital on November 23, 1954 with acute left 
iliac and femoral thrombophlebitis of 24 hours’ dura- 
tion. The entire left limb was swollen and edematous 
with marked venous distention. Femoral vessels were 
quite tender on palpation. There was no known cause. 
Temperature was recorded at 99.8 degrees F. and 
pulse 90. Erythrocyte and leucocyte counts were nor- 
mal as were the urinalysis and sedimentation rate. 
Cortisone acetate was given in a dosage of 100 milli- 
grams daily for 4 days and reduced at that time to 50 
milligrams daily. Tromexan and dicumarol were 
given in amounts permitting the maintenance of a 
prothrombin time (Quick) between 36 and 18 per 
cent of normal. Pain was relieved in 48 hours. The 
swelling subsided over a period of 12 days. Anticoag- 
ulants were discontinued at the end of 2 weeks. Cor- 
tisone acetate was discontinued at the end of 6 
weeks. The leg had returned to a normal appearance 
with no residual edema nor tenderness. 

Case 11. A 73 year old woman was admitted to the 
hospital on January 12, 1955 with acute left iliac and 
femoral thrombophlebitis of 3 weeks’ duration. ‘The 
limb was swollen from the ankle to the groin, and 
was warm, red, and edematous. There was tender- 
ness on palpation over the course of the iliac and 
femoral veins. The onset was spontaneous. Tempcra- 
ture was recorded at 102.2 degrees F. and pulse !10. 
Erythrocyte and leucocyte studies were normal and 
urinalysis was negative. She was given 20 milligrams 
of cortef twice daily for 6 weeks. Tromexan and di- 
cumarol were given in amounts permitting mai ite- 
nance of a prothrombin time (Quick) between 38 ind 
20 per cent of normal for 2 weeks. Temperature re- 
turned to normal in 72 hours. Pain began to dimi ish 
in 24 hours and the swelling persisted for 16 d ys. 
When examined on April 1 all edema and tender 1¢ss 
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had lisappeared and there was no evidence of post- 
phle|vitic sequelae. 


DIS( USSION 

‘The sequelae of thrombophlebitis are the 
result of fibrosis of the veins and lymphatics 
of the involved extremity. A new approach 
to the prevention of venous and lymphatic 
fibrosis became available with the introduc- 
tion of the principle of fibroblastic inhibi- 
tion by cortisone acetate. Clinical applica- 
tion of this property of cortisone acetate to 
certain selected cases of thrombophlebitis 
was initiated in February 1953 with encour- 
aging results. ‘The continued use of corti- 
sone acetate therapy was consistently asso- 
ciated with development of a minimum of 
sequelae. Consequently, an experimental 
study was established for the purpose of de- 
riving information to aid in the understand- 
ing of the inhibitory effect of cortisone ace- 
tate on fibroplasia following thrombophle- 
bitis. As the experiment was conducted 
there was dissimilarity both grossly and mi- 
croscopically in the pathologic processes 
which followed induction of thrombophle- 
bitis in dogs. Almost total absence of fibro- 
plasia was noted in the cortisone acetate 
treated dogs. ‘There was complete resolution 
of the thrombus and adventitial inflamma- 
tory reaction by the twenty-ninth to fortieth 
day at which time the venous flow had re- 
turned to normal. In the group of untreated 
dogs, marked fibroplasia and capillary in- 
growth developed immediately. The exten- 
sive and progressive organization of this 
tissue resulted in the recanalization of only 
minute channels by the forty-fourth day. 
The venous flow was negligible. 

Of concern is the reported finding of in- 
creased coagulability of the blood during 
ACTH and cortisone acetate therapy. An addi- 
tional concern associated with cortisone ace- 
tate therapy is the paucity of fibroblasts 
and the theoretic absence of fixation of the 
thrombus to the vein wall. This situation 
cou d lead to an increased rate of embolism. 
Anicoagulants are used clinically in the 
init al 10 to 20 days of treatment of throm- 
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Fic. 6. A photomicrograph of a thrombus showing 
complete recanalization of the vein. A one cell layer 
intima is noted. The subintimal and mural meshwork of 
edematous lace-like strands persists. From a dog’s vein 
which had been on cortisone acetate treatment for 40 
days. X61. 


bophlebitis to reduce coagulability of the 
blood and to prevent extension of the 
thrombus. In addition, during the earliest 
movement of blood through the resolving 
segment which, at that point, has not yet 
developed a smooth intimal layer, re-throm- 
bosis may be obviated. It is hoped that the 
number of embolisms will be maintained at 
a minimum by combined exhibition of an- 
ticoagulants and cortisone acetate. Present 
experience confirms other studies indicat- 
ing that patients oncortisone acetate therapy 
are hypersensitive to anticoagulant drugs, 
and dosage must be controlled carefully. 


SUMMARY 


1. A severe thrombophlebitis can be pro- 
duced regularly in the veins of a dog’s leg 
by injection of sodium morrhuate. 

2. Maintenance of cortisone acetate ther- 
apy following experimental initiaton of a 
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phlebitis prevented fibroplasia and organi- 
zation of the thrombus, vein wall, perive- 
nous tissues, and lymphatics and permitted 
the veins to return to normal gross and 
microscopic appearance in 29 to 40 days. 

3. Cortisone acetate therapy predisposes 
to a state of hypersensitivity to anticoagu- 
lant therapy. 

4. Eleven cases of clinical thrombophle- 
bitis which were treated with cortisone ace- 
tate alone or cortisone acetate combined 
with anticoagulants received symptomatic 
improvement in 48 to 72 hours. ‘These pa- 
tients experienced no early complications 
and have been followed 6 months to 2 years. 
Without exception they have developed a 
minimum of late sequelae. 


5. In view of the absence of fixation of 


the thrombus by fibroplasia an increase in 


the rate of embolism in cortisone ace iate 
treated thrombophlebitis is hypothesized. 
Anticoagulant therapy is recommendec in 
conjunction with cortisone acetate. 
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STUDIES ON HYPOTHERMIA IN MONKEYS 


I. The Effect of Hypothermia on the Prolongation of 
Permissible Time of Total Occlusion of the 


Afferent Circulation of the Brain 


JAMES D. McMURREY, M.D., WILLIAM F. BERNHARD, M.D., 
JAMES A. TAREN, M.D., and EDGAR A. BERING, JR., M.D., Boston, Massachusetts 


THIS INVESTIGATION was undertaken, first, 
to define the maximum safe period of af- 
ferent cerebral vascular occlusion and, 
second, to determine the effect of vascular 
occlusion as evidenced by the electroen- 
cephalogram. Monkeys were selected for 
study because they represent a higher order 
of cerebral integration than the dog. 

The clinical application of hypothermia 
in surgery has, in the past, been largely re- 
stricted to surgery of the heart and great 
vessels. Repair of interatrial septal defects 
and the resection of aortic aneurysms is 
now possible with interruption of the circu- 
lation for short intervals. This temporary 
circulatory occlusion is permitted by the 
reduction in cellular metabolism associated 
with low body temperatures. 

A limiting factor in intracranial surgery 
has been the problem of obtaining hemo- 
stasis during dissection of abnormally friable 
and vascular tissue. This is most striking in 
the management of large vascular tumors, 
arteriovenous malformations, and cerebral 
ancurysms, conditions for which hypother- 
mia has already been used. 
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‘T\is study was sponsored in part by the Committee on Me- 
tabi ism in Trauma, Commission on Liver Diseases, Armed 
For: :s Epidemiological Board, and supported by the Surgeon 
Ger ral, Department of the Army, through a Contract (DA-49- 
007 MD-472) with Harvard University, and in parts by grants 
B-1 7 and C-1608 from the National Institutes of Public Health. 
Th: generous assistance of the Samuel Cabot Fund is also grate- 
full acknowledged. 


The four major cerebral vessels have been 
occluded for 15 minutes under hypothermia 
with survival, although it has often been > 
assumed that 10 minutes of circulatory ar- 
rest is the maximum safe period in surgical 
procedures. The maximum safe occlusion 
period must be established in order to 
utilize regional ischemia in the hypothermic 
state as a solution to these surgical prob- 
lems. 


EXPERIMENTAL METHODS 


Monkeys (Macaca mulatta) of either sex 
12 to 18 months of age and 2 to 5 kilograms 
in weight were used for this study. The 
animals were anesthetized with intravenous 
pentobarbital sodium in amounts of 12 to 
30 milligrams per kilogram. Intratracheal 
intubation was carried out and positive 
pressure respiration maintained with maxi- 
mum pressure between 10 and 15 centi- 
meters of water. One hundred per cent 
oxygen was administered and carbon diox- 
ide absorbed. A femoral artery and vein 
were cannulated with polyethylene tubes to 
permit continuous measurement of mean 
blood pressure, blood sampling, and for the 
intravenous administration of drugs. Elec- 
trocardiograms (ECG) were obtained peri- 
odically. Electroencephalograms (EEG) 
were recorded from needle electrodes sym- 
metrically placed in the calvarium over the 
frontal, parietal temporal, and occipital 
areas. Temperatures were recorded with a 
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rectal mercury thermometer. In certain 
animals serial blood hydrogen ‘ion concen- 
trations and arteriovenous oxygen differ- 
ences were determined. Hypothermia was 
induced in all monkeys with immersion in 
an ice water bath at 3 degrees C. and re- 
warming accomplished in a warm water 
bath maintained at 45 degrees C. Shivering 
was controlled with intravenous succinyl- 
choline (0.75 mgm. per kgm.) when neces- 
sary. In this investigation two groups of 
animals were studied. 

Group I. Acontrol group of 12 monkeys was 
subjected to hypothermia without afferent 
cerebral circulatory occlusion. Body tem- 
peratures were reduced from the normal, 
36 to 37 degrees C., to 19 to 25’degrees C. 
and maintained for 1 hour at the lowest 
level obtained. In this group of animals, 
observations of blood pressure, pulse, respi- 
ration, ECG, EEG, blood hydrogen ion con- 
centration, arteriovenous oxygen differ- 
ence, and other metabolic studies were 
made at various temperatures during cool- 
ing and rewarming. One monkey in the 
control group had a craniectomy and corti- 
cal excision to verify the absence of arterial 
bleeding under the experimental conditions 
of cerebral afferent vascular occlusion. 

Group II. Twenty-eight monkeys had af- 
ferent cerebral vascular occlusion for vary- 
ing periods of time (single and multiple) at 
various temperatures. In order to insure 
occlusion of all arterial cerebral blood flow, 
the brachiocephalic and left subclavian ar- 
teries were isolated and occluded with bull- 
dog clamps at their points of origin from the 
aortic arch through a thoracotomy in the 
left fourth interspace. These occlusions were 
produced after induction of hypothermia or 
temperature stabilization at higher tem- 
peratures. 

Clinical observations were made in all 
monkeys and follow-up electroencephalo- 
grams in all except 2 of the surviving group. 


RESULTS 


Control group. After the animals had been 
anesthetized and prior to immersion in the 
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ice bath a fall in body temperature of 2 to 4 
degrees was noted in most of the animils, 
Cooling was accomplished rapidly (15 to 20 
minutes) and after removal from the ce 
bath the temperature continued to fall an 
additional 3 to 5 degrees C. and then 
stabilized. The extent of this temperature 
drift seemed to be chiefly a function of the 
amount and depth of anesthesia. Rewarm- 
ing to normal temperature took place over 
a slightly longer period (20 to 30 minutes), 
All animals were hyperventilated through- 
out the experiment with arterial blood hy- 
drogen ion concentration maintained in the 
range of 7.4 to 7.5. Arteriovenous oxygen 
differences obtained from the femoral artery 
and vein in some monkeys were decreased 
(Fig. 1). 

During hypothermia the electrocardio- 
gram showed a slowing of the heart rate to 
60 to 80 beats per minute and a prolonga- 
tion of the Q-7 interval. The mean blood 
pressure also decreased 10 to 30 millimeters 
of mercury during the cooling period. After 
the animal’s temperature had stabilized at 
the hypothermic level, the vital functions of 
blood pressure and heart rate also stabilized, 
and returned to normal levels upon re- 
warming. A detailed study of the general 
physiologic and cerebral metabolic changes 
is reported in another paper (1). 

Continuous electroencephalographic re- 
cordings revealed a decrease in amplitude of 
all frequencies with cooling. Changes were 
seen first in the temporal region, then the 
occipital regions, and finally in the frontal 
and parietal regions. These findings have 
been previously reported by Callaghan and 
by Ganshirt (6) and their associates. ‘The 
alterations in frequency were not a sim))le 
decline with temperature, but rather seem:d 
to follow the changes seen with deepening 
anesthesia. When the animals were warmed 
activity returned in the reverse order of 
disappearance (Fig. 2). There was consid r- 
able variation from animal to animal in te 
degree of EEG change (Fig. 3). Some aiil- 
mals showed almost complete electrical 
silence at 27 degrees C., while others at |7 
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Fic. 1. Effect of hypothermia with hyperventilation on heart rate, mean blood pressure, blood 
hydrogen ion concentration, and oxygen saturation in a monkey cooled to 23 degrees C. and then 
rewarmed. The blood samples were taken from femoral artery and vein. Clear columns are arterial 
blood and cross matched columns are venous blood. 


degrees C. still showed considerable activity. 
These monkeys had been given different 
doses of pentobarbital, and it was apparent 
that the effect of cold on the EEG was re- 
lated to the original level of anesthesia 
(Fig. 4). 

Shivering could be detected on the EEG 
and was often present when the temperature 
was 20 degrees C. unless drugs were ad- 
ministered to prevent it. Eleven animals of 
this group survived the period of hypo- 
thermia, and exhibited normal behavior 
and appetite in the postcooling period. 
Follow-up EEG’s were also normal. One 
monkey died as the result of an overdose of 
anesthesia. 

‘lhe animal which had a craniectomy 
per ormed with afferent cerebral circulatory 
occ usion demonstrated a dry brain when 
sur sical excision was carried out (Figs. 5 





and 6). Initial venous ooze was easily con- 
trolled by elevation of the head. 

Monkeys with afferent cerebral vascular occlu- 
ston. All animals undergoing afferent cere- 
bral vascular occlusions (28 monkeys) 
showed the same general physiologic changes 
with cooling as were observed in the control 
group. The EEG, blood pressure, and pulse 
rate showed some effect from the occlusion 
of the afferent cerebral circulation. The 
pulse rate was occasionally altered by me- 
chanical stimulation of the heart during the 
application of the bulldog clamps. The 
EEG and blood pressure changes will be 
considered with each group of monkeys. 

1. Seven monkeys of group II had occlu- 
sion of the cerebral afferent circulation for a 
single period of 20 to 22 minutes at tem- 
peratures ranging from 23 to 27 degrees C. 
Following circulatory occlusion the EEG 
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Fic. 2. Photographs of electroencephalographic tracings obtained from a normal control monkey 
during cooling, rewarming, and after 2 weeks’ follow-up. Follow-up tracing was obtained without 
anesthesia. Apparent left-sided asymmetry was caused by using the left ear as the indifferent elec- 
trode. The progression of records, cooling, rewarming, and follow-up is from left to right. 


became almost flat within a minute (mean 
of all experiments 45 seconds (Fig. 7). Occa- 
sionally, there were persistent bursts of 
wicket-shaped waves in one or both parietal 
leads. ‘These bursts were rhythmic, 5 to 12 
per second in frequency, and in some animals 
the maximum voltage was as high as 70 
microvolts. Initially, they lasted from 2 to 3 
seconds and occurred every 20 seconds. 
Gradually voltage fell and the interval 
lengthened until all activity disappeared. 
Usually this took place in 3 to 4 minutes 
although, in some, bursts were observed for 
as long as 9 minutes after occlusion. Follow- 
ing release of occlusions, electrical activity 
returned first as bursts which gradually 
reached a continuous state and progressed 
to a pattern similar to the preocclusion trac- 
ing. Two measurements of return of activity 
were made: (1) the time required for the 
first burst to appear and (2) the time for the 





preocclusion state to be reached (Tables I 
and II). In general, the activity returned 
more slowly at temperatures below 24 de- 
grees C. In 1 of these animals the EEG did not 
reach complete electrical silence; this animal 
will be considered separately. 

One animal occluded for 20 minutes at 27 
degrees survived for 30 days and clinically 
seemed well; however, he had an abnormal 
EEG. One other animal occluded for 22 
minutes at 23 degrees C., was well the fol- 
lowing day, but was found dead on the 
second postoperative day. One monkey «c- 
cluded for 20 minutes at 25 degrees C., had 
a satisfactory return of EEG activity, lut 
was found dead 24 hours after operation. 
The 3 other animals occluded for 20 m:n- 
utes at 23 to 24 degrees C., showed a por 
return of EEG, did not awaken, had no °e- 
turn of pupillary reflexes, and died wit!iin 
48 hours. 
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Ten monkeys had a single period of 
. iusion for 15 minutes at temperatures of 
22 :o 26 degrees C. The EEG changes are 
similar to the changes seen in the preceding 
group except that the recovery periods were 
shorter (Tables I and II). One animal of 
this group did not achieve electrical silence 
and will be considered separately. 

In the monkeys occluded for 15 minutes 
with production of electrical silence only 3 
were long term survivors. One of these has a 
questionably abnormal EEG and was a 
little less vigorous in competition for food. 
Two monkeys occluded at 22 and 22.5 de- 
grees C. died without awakening within 24 
hours. In both of these monkeys there was 
very slow return of the EEG after release of 
occlusion. The causes of the death in the 
remaining monkeys were apparently unre- 
lated to the period of cerebral afferent vas- 
cular occlusion. One monkey died of a ten- 
sion pneumothorax on the first postopera- 
tive day. Two deaths occurred, 1 on the 
fourth and 1 on the sixth postoperative day; 
and postmortem examinations revealed dif- 
fuse pneumonitis bilaterally (this occurred 
during an epidemic in the animal farm 
which killed many monkeys not used in this 
study). The final monkey died of trauma 
during a follow-up EEG on the third post- 
operative day. 

3. Two monkeys had a single period of 
occlusion for 12 minutes at 24 and 29 de- 
grees C. respectively. Both animals survived 
the period of occlusion without evidence of 
neurologic deficit; however, 1 was killed 
accidentally on the fifteenth postoperative 
day during a follow-up EEG. 

‘he monkey occluded at 29 degrees C. 
showed a marked asymmetry in the EEG 
after release of the occlusion, but this per- 
sisted only until the animal was rewarmed 
and was not apparent on follow-up studies. 
The first burst and recovery of EEG of both 
monkeys (except for the asymmetry in 1 
animal) occurred slightly more rapidly than 
in ‘he monkeys with 15 minutes of occlusion. 

+. One monkey had total afferent cerebral 
va:cular occlusion for 5 minutes at 35 de- 
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Fic. 3. Effect of pentobarbital dosage on the changes 
of EEG in 3 monkeys during hypothermia. M-9-55 had 
pentobarbital (30 mgm. per 1 kgm. body weight); M-10- 
55 had pentobarbital (15 mgm. per 1 kgm. body weight); 
M-12-55 had pentobarbital 24 mgm. per 1 kgm. body 
weight. 
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grees C. Electrical activity disappeared 
promptly in this animal in the same manner 
as in the hypothermic group, but the first 
burst was delayed 2 to 3 times longer than 
in the monkeys with 15 minute occlusion 
periods. This monkey survived, but the 
EEG’s in the postoperative period were ab- 
normal, and he seemed clinically damaged. 

The mean arterial blood pressure was not 
significantly altered by single periods of 
afferent cerebral vascular occlusion. 

5. In 5 monkeys of group II multiple (2 to 
3) 15 minute periods of occlusion were pro- 
duced at 22 to 26 degrees C. These periods 
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Fic. 4. The effect of changes in body temperature on 
the depth of pentobarbital anesthesia. The solid circles 
(*) are separate experiments on the same monkey given 
different dosages of anesthesia. The relative change of the 
EEG was about the same degree. Depth of sleep refers to 
arbitrary designations of EEG pattern with pentobarbital 
anesthesia. 


were separated by 5 minute rest intervals to 
permit metabolic restoration. One animal 
with 2 periods of occlusion for 15 minutes 
was a long term survivor, but he had evi- 
dence of cerebral damage clinically and 
by EEG. 

Two monkeys with 3 periods of afferent 
cerebral vascular occlusion for 15 minutes 
each survived for 2 and 3 weeks respectively, 
but died of emaciation. One monkey with 2 
periods and 1 monkey with 3 periods of 
afferent cerebral vascular occlusion died 
within 24 hours and showed damage by 
EEG. 

In this group of monkeys with afferent 
cerebral vascular occlusion the EEG changes 
with the first occlusion were similar to those 
of monkeys which had single 15 minute 
periods of occlusion. During successive oc- 
clusions the electrical activity disappeared 
more rapidly and bursts of activity were not 
often seen during the period of occlusion. 
After each successive period of occlusion 
the period for recovery was longer. Between 
the second and third periods, the EEG did 
not return to the preocclusive pattern in the 
5 minutes allotted. Two of the 3 monkeys 
with triple 15 minute periods of occlusion 
showed very prolonged recovery times and 
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minimal return until they were rewarnied. 
One showed no return and died in 24 hours 
(Table III). 

In these monkeys the mean arterial blood 
pressure was noted to fall considerably a(ter 
the third period of occlusion. 

6. One monkey was occluded for 3 periods 
of 12 minutes each at 24 degrees C. The 
animal appeared normal postoperatively 
but expired on the ninth day with pneu- 
monitis and diarrhea. Return of EEG ac- 
tivity was delayed following the third period 
of occlusion (Table ILI). 

7. One monkey had occlusions for 1 peri- 
od of 12 minutes and a second for 10 miniutes 
at 24 degrees C. This animal died after 24 
hours from a massive air embolism. 

EEG activity in this monkey returned 
promptly and completely after the second 
occlusion period. 

8. Occasionally after attempts at applica- 
tion of the bulldog clamps, electrical ac- 
tivity persisted, but could be abolished 
by adjustment of the clamps. In 3 instances 
electrical silence could not be produced 
even by reapplication of the clamps. One 
monkey of this group occluded for 20 
minutes died on the day of operation. The 
second, occluded for 15 minutes, died after 
7 days with diarrhea and pneumonitis, and 
at postmortem examination had an anom- 
alous take-off of the right common carotid 
artery which had not been occluded. The 
third had 3 periods of partial occlusion for 
10 minutes each and is still living. 


DISCUSSION 


It is apparent from this and the work of 
others that the use of hypothermia within 
the range of these experiments has no per- 
manent adverse effects. In these studies car- 
diac arrhythmias were not encountered «nd 
follow-up studies in all control animals re- 
vealed no evidence of neurologic damag”. 

This study has been particularly con- 
cerned with alterations of the EEG, although 
many physiologic changes with hypothe 
mia have been described. It is of inte: est 
that EEG changes produced by hypotheri 1ia 
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Fic. 6. 


Fic. 5. Bulldog clamps in place occluding the left subclavian and brachiocephalic arteries at the 
arch of the aorta. The vagus nerve is seen between these two arteries. These vessels have been 


exposed through a left thoracotomy incision. 


Fic. 6. Photographs of cerebral cortical vessels exposed by craniotomy. a, Before occlusion of cere- 
bral afferent circulation. b, After occlusion of cerebral afferent circulation. 


with pentobarbital anesthesia are similar to 
the reported change produced by progres- 
sively deepening pentobarbital anesthesia 
alone in the nonhypothermic animal. This 
suggests a potentiation of pentobarbital by 
hypothermia, an effect which has been pre- 
viously reported with other anesthetic agents 
by Wirth. Such potentiation in the action of 
metrazol on the brain has also been re- 
ported by Noell and Briller. ‘The change of 
the pharmacologic action with temperature 
must be kept in mind in the use of new 
drugs in the hypothermic state. It is also 
important to note that with hypothermia 
liver metabolism is also reduced (2); conse- 
quently, drugs detoxified by the liver may 
have a prolonged period of action in the 
hypothermic state. 

It was observed that EEG activity persists 
longest in the frontal and parietal regions in 
the hypothermic state; therefore, a single 
pair of leads in this region suffices for the 
recording of cerebral activity during surgi- 
cal procedures under hypothermia. 

In this group of animals with temporary 
cerebral afferent vascular occlusion, elec- 
troencephalograms prior to occlusion were 
similar to those of the controls. At the time 
©! occlusion a marked change occurred in 
t iat all electrical activity disappeared with- 
i1 1 minute and remained flat except for oc- 


casional parietal bursts until the occluding 
clamps were released. ‘The duration of elec- 
trical activity following afferent circulatory 
occlusion is not affected by temperature 
even though the metabolism of the brain is 
reduced to about 25 per cent of the normal 
level (1). This suggests that it is the accumu- 
lation of metabolic products, particularly 
carbon dioxide, as it is well known that the 
EEG can be radically changed, even to elec- 
trical silence, by increasing the partial pres- 
sure of carbon dioxide. 

The importance of even a minute amount 
of arterial blood flow to the brain has been 
shown in these experiments in the 3 monkeys 
with partial occlusion, and in the other 
monkeys in which repositioning of the 
clamps was required to produce electrical 
silence. The concept of a need for even a 
small amount of blood flow for the washout 
of metabolic products is supported by the 
work of Lougheed who showed that hypo- 
thermic dogs breathing 100 per cent nitro- 
gen could go for as long as 25 minutes with- 
out any change in EEG. It is apparent, 
therefore, that the EEG cannot be used to 
determine the maximum safe period of total 
afferent circulatory occlusion, and the du- 
ration of this period for man must be de- 
rived empirically on the basis of animal 
data. 
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Fic. 7. EEG changes seen with afferent cerebral vascular occlusions. a, EEG before occlusion of 
circulation to the brain for 12 minutes. b, EEG after occlusion of circulation to the brain for 12 min- 
utes. c, Disappearance of electrical activity within 40 seconds of occlusion of circulation to the brain. 
d, Return of the first electrical activity after restoration of circulation to the brain. The apparent 
asymmetry is a recording artefact resulting from using the left ear as the indifferent electrode. The 
times on record are the times after either occlusion or release of the circulation of the brain. 


ods of occlusion between 15 and 20 





died or were damaged, and 2, or possibly *, 
of the 15 minute group may have been 
damaged by this procedure. 

Three of the monkeys with either 2 or 3 
periods of afferent cerebral vascular occlu- 
sion for 15 minutes showed evidence «f 
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er, it would appear that 15 minutes 


of afferent cerebral vascular occlu- 
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TA'NLE I.—THE EFFECT OF SINGLE PERIODS OF AFFERENT CEREBRAL VASCULAR OCCLUSION ON THE 
ELECTROENCEPHALOGRAPHIC PATTERNS OF MONKEYS IN A HYPOTHERMIC STATE 


Time from 


Period of occluston 
occlusion, to electrical 
Monkey Temp., °C. minutes stlence, sec. 
M-21-55 35.0 5 27 
M-61-55 28.0 12 35 
M-14-55 23.0 12 80 
M-22-55 24.0 15 30 
M-23-55 24.0 15 19 
M. 25-55 24.0 15 21 
M-26-55 24.0 15 150 
M-28-55 24.0 15 20 
M-24-55 23.0 15 50 
M-31-55 23.0: 15 40 
M-27-55 22.0 15 20 
M-29-55 22.0 15 12 
M-48-55 27.0 20 45 
M-18-55 2a.0 20 30 
M-50-55 24.0 20 45 
M-16-55 23.0 20 30 
M-20-55 23.0 20 50 
M-15-55 23.0 22 60 


EEG : 
Recovery after release Follow-up 
Time to Time to evidence of 
first preocclusive cerebral damage 
activity state, min. Clinical EEG 
90 sec. 30 yes yes 
20 sec. 1% no no 
15 sec. 2 no no 
40 sec. 2 no no 
14 sec. 3-4 no no 
11 sec. 1 no no 
120 sec. 3-4 no no 
10 sec. 1 ? ? 
12 sec. 1 no no 
60 sec. 3 no no 
15 sec. not until yes yes 
rewarmed 
1.75 hr. none yes yes 
30 sec. 4 yes yes 
10 sec. 4 yes 
30 sec. 5 yes yes 
15 min. ? yes 
20 min. ? yes 
20 min. ? yes 


TABLE II.—THE EFFECT OF TEMPERATURE ON THE CHANGES OF ELECTROENCEPHALOGRAPHIC PATTERNS 
PRODUCED BY SINGLE PERIODS OF AFFERENT CEREBRAL VASCULAR OCCLUSION 


Duration 
of occlusion, No. of 
Temperature, °C. min. monkeys 

35 5 1 
38 12 1 
27 20 1 
26 15 2 
25 20 1 
24 15 6 
24 20 

23 12 1 
23 15 3 
23 20 3 
22 15 a 


Mean data of all experiments. 


damage by EEG and 2 died within 24 hours. 
‘Two monkeys died of emaciation within 3 
weeks and must be regarded as damaged by 
the procedure. Multiple periods of occlu- 
sion for 15 minutes must, therefore, be re- 
garded as beyond the limit of tolerance by 
hypothermic monkeys. ‘The 2 monkeys with 
multiple periods of occlusion for 12 minutes 
or less did not show evidence of damage by 
hypoxia. The limit of tolerance for multiple 
occlusions must, from these limited data, be 
tuken as 12 minutes. It seems probable from 
the EEG recovery data that periods longer 
t'ian 5 minutes should be allowed for resti- 
tition of cerebral metabolism when multi- 


Recovery 
time lo 
preocclusive 


Time to reach 
electrical silence Recovery 


after occlusion, time to Ist 


Sec. burst, sec. stale 
27 90 

35 20 90 sec. 
45 30 5 min. 
32 20 4 min. 
30 10 4 min. 
35 19 2 min. 
45 30 5 min. 
80 20 29 sec. 
45 40 2 min. 
45 17 min. never 
13 1 min. never 

105 sec. 


ple periods of occlusion are utilized. ‘This is 
particularly true of the period between 
second and third occlusions. 

It is important to consider the times re- 
quired for electrical activity to return. The 
data demonstrate that longer periods of oc- 
clusion are followed by longer periods of 
recovery as measured by the EEG. Thus, re- 
covery after 12 minutes of occlusion is faster 
than after 15 minutes, which is in turn faster 
than after 20 minutes of occlusion. 

Temperature as well as the duration of 
occlusion appears to affect recovery time 
(Table II). This work confirms in monkeys 
the work of Ganshirt and associates (5) who 
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TABLE III.—THE EFFECT OF MULTIPLE PERIODS OF AFFERENT CEREBRAL VASCULAR OCCLUSION 
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ON THE EEG OF MONKEYS IN A HYPOTHERMIC STATE 


No. 


M-59-55 M-58-55 M-34-55 M-57-55 M-55-55 M-35-55 M-.°-55 
Temperature, °C........:..-5.. 24.0 24.0 26.0 24.0 26.0 24.5 22 0 
Period of 1st occlusion, min. . 12 4 15 15 15 15 15 
First EEG 
Time from occlusion to elec- 
trical silence, sec........ 45 35 35 55 29 45 
Recovery after release 
Time to 1st activity, sec. 1 2 20 20 60 30 10 
Time to preocclusive state 15 sec. 90 sec. 4 min. 5 min. never 4 min. never 
Interval between 1st and 2nd 
OCCHUBION; MIN. ...6. 0605. 5 5 5 5 5 5 5 
Period of 2nd occlusion, min. 10 12 15 15 15 15 15 
Second EEG 
Time from occlusion to elec- 
trical silence, sec........ 20 45 45 2 2 45 5 
Recovery after release 
Time to 1st activity, sec. . 1 40 40 after never 2 25 
rewarming 
Time to preocclusive state 30 sec. 4 min. after never never never 
rewarming 
Interval between 2nd and 3rd 
occlusion, MiN............. 5 5 5 5 
Period of 3rd occlusion, min.. 1 4 15 15 15 
Third EEG 
Time from occlusion to elec- 
trical silence, Sec... ....... 25 20 6 
Recovery after release 
Time to 1st activity..... 55 ‘sec. 5 sec, 10 min. 
Time to preocclusive state after never never 
rewarming 
Follow-up evidence of damage 
ME Ss toe Nila i iiwaNeaen no no yes yes yes yes yes 
TAGs se wiewiecs tle nalones no no yes yes yes yes yes 


demonstrated in the cat a slower return of 
electrical activity after cessation of cerebral 
blood flow at temperatures lower than 27 to 
28 degrees C. Slow EEG recovery is not neces- 
sarily an indication of a fatal consequence, 
but in general it was true that regardless of 
temperature, length of occlusion, or number 
of occlusions, if after the final restoration 
of circulation the EEG was slow to recover, 
most animals showed neurologic damage or 
died. It is also of interest that the 2 monkeys 
with single periods of occlusion for 15 min- 
utes at temperatures of 22 and 22.5 degrees 
C. had very slow recovery of the EEG and 
both died within 24 hours. Thus, there 
seems little to gain and probabiy much to 
lose by occlusion of the afferent cerebral 
circulation at temperatures below 27 to 28 
degrees C. 

Comparison of available data on the sur- 
vival of various species after occlusion of the 
circulation at normal temperatures shows a 
considerable degree of uniformity. At nor- 
mal temperatures the maximum survival 











time for man, the dog, and cat is about 3.5 
minutes if complete recovery without resid- 
ual neurologic damage is expected. Some 
survivals have been known after longer 
periods of circulatory arrest but usually 
they are accompanied by persistent neuro- 
logic defects. Data on man with complete af- 
ferent cerebral circulatory occlusion under 
hypothermia are limited. However, in the 
dog and monkey, the survival time without 
neurologic deficit with total cardiac out- 
flow occlusion of afferent cerebral circuli- 
tory occlusion is of the order of 15 minutes. 
Botterell has reported a case of a man who 
had cardiac arrest for 14 minutes before 
cardiac massage was started. The patient 
recovered although he had a Korsakoff’ssyn- 
drome for some period afterward. 

As it is the highest functions which are 
first damaged by lack of cerebral circule- 
tion, it is probably well to reduce the time «f 
tolerated total circulatory occlusion foun:! 
in monkeys when transferring the data 1) 
practical use in man. 




















\lthough the technique of afferent cere- 
bra! vascular occlusion provides a method 
of .emostasis when dealing with ruptured 
cerbral aneurysms, the limited time of oc- 
clusion permitted prohibits its use in the 
routine management of large vascular tu- 
mors and arteriovenous malformations. In 
these situations, a decrease in the size and 
tenseness of the tumor or malformation can 
only be achieved by a marked reduction in 
the mean blood pressure. Hypothermia per 
se does not consistently result in satisfac- 
torily lowering the systolic pressure more 
than 20 to 30 millimeters of mercury. How- 
ever, the simultaneous intravenous adminis- 
tration of a ganglionic blocking agent would 
effectively lower mean arterial pressure. 
Hypotensive agents alone are capable of re- 
ducing mean pressure by at least 50 per cent 
with concomitant reduction in cerebral 
blood flow and a moderate reduction in 
cerebral oxygen consumption. Although ad- 
verse effects from prolonged hypotension 
have not been reported, it would appear 
that a wider margin of safety could be ob- 
tained with a combination of hypotension 
and hypothermia. The decreased oxygen 
demand of all parenchymatous organs un- 
der hypothermia would allow the prolonged 
use of hypotension with safety. 


SUMMARY 


1. The maximum safe time of afferent 
cerebral vascular occlusion for single and 
multiple periods under hypothermia was in- 
vestigated in monkeys. 

2. The EEG changes occurring with cool- 
ing and during single and multiple periods 
of afferent cerebral vascular occlusion under 
hypothermia were studied. 

3. Serial EEG’s in control hypothermic 
monkeys under pentobarbital demonstrated 
a decrease in amplitude of all frequencies 
with cooling. The frequency changes in the 
EEG patterns are similar to those associated 
with increasing dosages of pentobarbital 
an«sthesia alone. 

+. Follow-up electroencephalograms and 
observations of behavior in control mon- 
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keys subjected to hypothermia revealed no 
evidence of cerebral damage. 

5. Cerebral afferent vascular occlusion 
produced with clamps at the origin of the 
vessels from the arch of the aorta resulted in 
disappearance of electroencephalographic 
activity within 1 minute irrespective of tem- 
perature. 

6. All monkeys in which the afferent cere- 
bral vascular circulation was occluded for 
20 to 22 minutes showed evidence of cere- 
bral damage or died within 48 hours. 

7. Fifteen minutes of afferent cerebral 
vascular occlusion was tolerated by monkeys 
at temperatures of from 23 to 26 degrees C., 
but 2 monkeys in which temperature was 
reduced to 22 degrees C. did not survive 
this period of occlusion. 

8. Multiple periods of occlusion for 15 
minutes resulted in definite cerebral damage 
in 3 of 5 monkeys. 

9. Multiple 12 minute periods of afferent 
cerebral vascular occlusion were tolerated 
and appear to be the limit of safety in hypo- 
thermic monkeys if adequate time for re- 
covery is allowed between periods of occlu- 
sion. 

10. Animals with slow return of EEG ac- 
tivity following a single or series of occlu- 
sions revealed evidence of cerebral damage. 
Many of these monkeys did not survive. 

11. Regional cerebral ischemia under hy- 
pothermia may be a solution for the surgical 
management of ruptured cerebral aneurysm. 
This approach may permit salvage in a pre- 
viously hopeless situation. 

12. In the management of intracranial 
lesions of vascular origin requiring pro- 
longed dissection, it would seem that a com- 
bination of hypothermia and hypotensive 
anesthesia would be most efficacious. 
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ISOLATED ILEAL LOOPS FOR URETERAL REPAIR 


E. VINCENT MOORE, M.D., F.A.C.S., ROBERT WEBER, M.D., F.A.C.S., 
EDWARD R. WOODWARD, M.D., F.A.C.S., J. G. MOORE, M.D., and 
WILLARD E. GOODWIN, M.D., F.A.C.S., Los Angeles, California 


‘THE GREATER FEASIBILITY of extensive pelvic 
surgery has placed new emphasis on means 
of repairing permanent damage to ureters. 
Attempts to repair ureteral defects with plas- 
tic devices or isolated blood vessel grafts have 
been unsuccessful. Flaps of bladder have 
been used with only partial success in patients 
with low ureteral damage. Ureteral defects 
can, however, be bridged with isolated sec- 
tions of small bowel to carry urine from the 
kidneys to the bladder. This procedure now 
makes it possible to preserve kidney tissue 
which was formerly removed because of lack 
of confidence in restoring ureteral continuity. 
Preservation of a functioning kidney is of 
great importance to patients subjected to 
radical debilitating surgery. These patients 
may, by ileal loop replacement, avoid the 
serious complications attendant upon renal 
insufficiency. 

In 1912, Melnikoff, working in the surgi- 
cal laboratory of Fedoroff in St. Petersburg, 
published a masterful summary on the re- 
placement of the ureter by an isolated loop 
of small intestine. In his article he summa- 
rized the problem and all of the attempts to 
solve it that had been instituted up to that 
time. In addition to experimental efforts to 
use metallic tubes and blood vessel grafts, 
Melnikoff also reported on the experience of 
surgeons with tubes of mesentery, perito- 
neum, muscular wall, small bowel, and of 
the fallopian tube. All of these procedures 
were considered inadequate for replacement 
of large segments of destroyed ureter. ‘Two 
hundred and fifty cases of ureteroneocystot- 


‘rom the Department of Surgery (The Division of Urology 
an! the Division of General Surgery) and the Department of 
Ovstetrics and Gynecology, University of California Medical 
C.nter, the Los Angeles County Harbor General Hospital, Tor- 
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is' ation Center, Los Angeles. 


omy by the bladder flap method were also 
summarized by 1912. 

Finger, in 1894, was credited with the first 
written proposal for reconstruction of the 
ureter by a loop of small bowel without iso- 
lation from its mesentery. This operation, 
according to Melnikoff, was actually first 
performed in 1900 by d’Urso and de Fabii 
on 3 dogs. One dog survived the operation 
and was sacrificed 32 days after surgery. Ne- 
cropsy showed a normal kidney, renal pelvis, 
and ureter above the anastomoses with good 
healing at both ends. 

The first human ureteral repair with an 
isolated segment of ileum was performed by 
Shoemaker. In a letter to Melnikoff he 
described the following case which he had 
discussed at a meeting in 1909. In 1906 this 
eminent surgeon saw an 18 year old girl who 
had complained of urinary frequency for 5 
years. Her problem had become so severe 
that she voided every 10 minutes with ex- 
treme pain. Her bladder had a capacity of 
only 50 cubic centimeters, and her urine was 
loaded with red cells. Her right ureteral ori- 
fice was red and edematous. Retrograde pye- 
lograms failed to show tubercle bacilli; how- 
ever, the patient still underwent a right ne- 
phrectomy with no relief of symptoms. No 
diagnosis of tuberculosis could be made in 
this kidney specimen studded with multiple 
abscesses. Her bladder capacity shrank to 
25 cubic centimeters, and a suprapubic cys- 
totomy was of no avail. Shoemaker released 
a loop of ileum, attached its proximal end to 
the midureter, and brought the distal end 
out onto the skin. The patient continued with 
this arrangement for a year and a half with 
complete relief of bladder symptoms. The 
urine irritated the abdominal skin, however, 
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Fic. 1. Case 1. a, Intravenous pyelogram taken October 9, 1953, one month after hysterectomy. 
b, Intravenous pyelogram taken November 20, 1953. Note hydronephrosis on the right; left side has 


become normal. 


and it was decided to place the lower end of 
the ileal loop in the bladder. This was ac- 
complished in a manner similar to present 
day operations. The patient was completely 
relieved of irritative symptoms for a year and 
a half after return of normal urinary flow. 
Her urine was reported to show only shreds 
of mucus and an occasional white blood cell. 

Melnikoff was the first to demonstrate ex- 
perimentally the many physiologic benefits 
of the ileal loop operation in dogs. Despite 
the simplicity and effectiveness of this opera- 
tion there were only 3 case reports of its clin- 
ical use from 1912 to 1950. Since 1950, 17 
additional cases have been reported. This 
report adds 4 more cases to the literature, 
making a total of 24 to date. 


Workers in the 1920’s, who transplanted 
ureters directly into the intact small bowel 
of experimental animals, noted fatal reab- 
sorption of urinary waste products as the 
urine passed through the extensive distal 
small intestine and large bowel. This effect 
has been clearly shown not to occur when 
short ileal loops act as conduits for urine to 
the bladder or to the skin. Couvelaire and 
Cibert (4-8) have outlined the use of ileil 
loops for ureteral replacement and for in- 
creasing the capacity of the contracted blac - 
der. Bricker and Eiseman have used sho:t 
segments of the cecum and ileum safely an:| 
efficiently for reconstructing artificial blac - 
ders and replacing ureters. In 1953, Bau: 
reviewed his experience with 4 cases of far 




















Fic. 2. 


the photograph was taken. 


advanced ureteral destruction and believed 
that the use of terminal ileum as a substitute 
ureter was a conservative and reasonable 
technique. His patients demonstrated strik- 
ing benefits and amazing lack of complica- 
tions from infection or electrolyte imbalance 
following substitution of an ileal loop for the 
damaged ureter. Bitker in 1954 reviewed the 
existing world literature on the subject of 
ureteroileocystoplasty and summarized the 
17 cases in the literature beginning with the 
case of Shoemaker and ending with the case 
of Kuss in 1953. In 1955, Pyrah reported 3 
more successful cases of ureteroileocysto- 
plasty, confirming the favorable impressions 
oi previous surgeons who used the procedure. 

Although observers have noted transient 
ri es in blood nonprotein nitrogen followed 
b» return to normal or nearly normal levels 
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Fic. 3. 


Fic. 2. Case 1. a, Antegrade pyelogram on December 1, 1953. b, Antegrade pyelogram 4 hour 
delayed film. Note the retention of dye in hydronephrosis and probable ureterovaginal fistula. 
Fic. 3. Case 1. Right trochar nephrostomy, polyethylene tubing had been in place 27 days when 


after surgery, there have been few if any se- 
rious complications. In long term follow-up 
reports no serious bad results from ileal loop 
repair have been noted. Hypermotility of the 
loop appears to induce rapid passage of urine 
into the bladder, and thus protects the 
kidney. 


CASE REPORTS 


This report concerns experiences with 4 
female patients in whom ureteroileocysto- 
plasty has been employed for the repair of 
intractable ureteral injuries. ‘Two patients 
have now been followed for more than 18 
months after surgery. Their favorable results 
prompted us to attempt 2 more ureteral re- 
pairs in the spring of 1955, which are too 
recent to evaluate. One of the early patients 
had destruction of the lower third of the 
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a 

Fic. 4. Case 1. Pyelogram made by injecting poly- 
ethylene nephrostomy tube March 19, 1954 after 3% 
months of drainage. a, Anterior posterior view. b, Ante- 
grade pyclogram of right side. Note reduction of hydro- 
nephrosis and tube coiled in place. 


right ureter following radical pelvic surgery 
for cancer, the second had complete destruc- 
tion of the lower third of the left ureter and 
all of the right ureter following a similar rad- 
ical operation. Both patients had prelimi- 


nary nephrostomies before the ureteral de- 
fects were bridged with isolated loops of 
ileum. 


Case 1. S. M., a 55 year old woman, had a radical 
hysterectomy for squamous cell carcinoma of the 
uterus in September of 1953. Excretory urograms taken 
after operation revealed early bilateral hydronephrosis 
(Fig. 1a and b). Hydronephrosis disappeared on the 
left side but persisted on the right. Later she developed 
a vesicovaginal fistula and a right ureterovaginal fis- 
tula. A right antegrade pyelogram performed on De- 
cember 1, 1953, showed obstruction in the middle 
third of the right ureter (Fig. 2a and b). It was decided 
to close the vesicovaginal fistula and deal with the 
right ureter at a later date. In order to divert the urine 
from the hydronephrotic right kidney, a translumbar 
needle nephrostomy (10) was performed on December 
2, 1953 (Fig. 3). Reduction of the hydronephrosis fol- 
lowed (Fig. 4). On December 15, 1953, using the 
vaginal approach, Elmer Belt repaired the extensive 
vesicovaginal fistula. 

Right kidney drainage was continued by polyethy- 
lene nephrostomy tube for 5 months. On March 23, 
1954, when the right upper tract seemed normal and 
the vesicovaginal fistula was well healed, an isolated 
loop of ileum was substituted for the destroved lower 
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third of the right ureter (W. E. G. and R. W.). Afier 
the usual surgical preparation including emptying of 
the small bowel contents but without antibiotics, a 
long midline incision was made through the old sup: a- 
pubic scar. A 20 centimeter loop of ileum was isolated, 
and ileoileostomy was accomplished by the open tec h- 
nique using interrupted silk sutures. The appendix was 
removed because it extended below the iliac vessels 
into the retroperitoneal space and was densely ad- 
herent in scar tissue. The dilated right ureter, which 
was identified in the right retroperitoneal space with 
great difficulty, was traced down to the iliac vessels 
where it was lost in dense scar tissue. A biopsy was 
made but nothing suggested a tumor. 

The ureter was transected where it entered the 
scarred region. The isolated loop of ileum was swung 
laterally to fill the gap between the ureter, at the brim 
of the bony pelvis, and the bladder in an isoperistaltic 
direction. The spatulated end of the ureter was anas- 
tomosed mucosa-to-mucosa to the open end of the 
ileum with interrupted No. 0000 chromic gut sutures. 
A No. 10 rubber catheter was introduced through the 
ileal loop across the point of anastomosis and up into 
the kidney pelvis. The bladder was opened and an 
incision made on the right superior lateral wall through 
all layers of the bladder. The end of the ileum and the 
ureteral catheter were then brought into the bladder 
and all layers of ileum were anastomosed to the mucosa, 
muscularis, and serosa of the bladder. The ureteral 
catheter was fixed in the bladder with a fine single 
catgut suture. The tip of the catheter was led out 
through the urethra by a Foley catheter. Reinforcing 
sutures were placed between the ileum and peritoneal 
surfaces of the bladder. Catgut sutures were used 
throughout. After closure of the bladder, the ileal loop 
was tacked laterally to the pelvic floor, and the omen- 


Fic. 5. Case 1. Artist’s drawing showing the anatom c 
arrangement after surgery. 




















tur was pulled down to cover the lower portion of the 
wol nd (Fig. 5). 

‘Tne polyethylene nephrostomy tube remained in 
place and continued to divert urine during the post- 
ope: ative period. The splinting ureteral catheter came 
out spontaneously on the eleventh postoperative day. 
Two days later injection of the nephrostomy tube 
showed filling of the loop of ileum, now acting as a 
peristaltic conduit from the ureter to the bladder 
(Fig. 6). Forty-one days after operation the nephros- 
tomy tube was removed from the right kidney after 
having been clamped off for 3 weeks without incident. 
During the long period of nephrostomy drainage no 
incrustations had developed on the plastic tubing. The 
sinus healed promptly after removal of the tube. 
Eleven days later excretory urography showed good 
function of both kidneys with slight bilateral hydro- 
nephrosis. Blood chemistries were entirely within nor- 
mal limits, and the patient was symptomatically free 
of any urologic complaints. In November, 1954, excre- 
tory urograms again showed nearly normal upper uri- 
nary tracts. The ileal loop on the right side was barely 
outlined. A cystogram showed reflux all the way up 
the loop and into the kidney (Fig. 7a and b). A film 
made after voiding showed the complete emptying of 
the loop. The patient was free of symptoms and came 
in only on request. 

In March 1955 the patient was cystoscoped after 
giving a history of recent nocturnal enuresis. She 
found that while lying on her back she never wet her- 
self when awake, but did lack some control when 
asleep. Cystoscopy showed marked bladder scarring 
and deformity from her previous operations. The left 
ureteral orifice could be seen and was normal, but the 
new right ureteral orifice looked much like a diverticu- 
lum. Indigo carmine appeared bilaterally in 10 min- 
utes after intravenous injection. It was impossible to 
cystoscope the right orifice. Her blood chemistries con- 
tinued to remain normal, and her right upper urinary 
tract continued unobstructed. She had no trouble with 
infection. 

Case 2. T. N., a 25 year old married Japanese 
woman with a stage 1 carcinoma of the cervix, re- 
ceived 4,000 roentgens by radium pack for tumor 
shrinkage. One month later just prior to radical hys- 
terectomy on July 24, 1953, excretory urograms were 
normal. At the conclusion of the operation her gyne- 
cologist thought that the left ureter might have been 
injured in the extensive dissection. Catheterization of 
the left side showed a slight narrowing of the ureter in 
the area of the pelvic brim. Postoperatively the patient 
noted persistent, left costovertebral angle and flank 
pain. Denying even minimal back pain, she was dis- 
charged on the fifteenth postoperative day. 

Subsequently she developed continuous vaginal 
drainage. Examination of the vaginal vault in Sep- 
ter: ber 1953 revealed a dimple with suspicious ulcera- 
tio. on the left side thought to be a left ureterovaginal 
fis: la. Retrograde pyelograms revealed the right 
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Fic. 6. Case 1. Pyelogram made by injection of ne- 
phrostomy tube after destroyed lower ureter was replaced 
by isolated loop of ileum. Date of roentgenogram, April 
19, 1954. 


catheter, coiled up behind and outside of the bladder. 
Aspiration withdrew about 90 cubic centimeters of 
thick pus. Injection of contrast media indicated a 
huge retrovesical abscess (Fig.8) which could not be 
definitely palpated even after films had been taken. 
A No. 5F left ureteral catheter could barely be passed 
after bulb pyelograms had indicated no evidence of 
fistula on the left side. 

Because of this massive retroperitoneal and retro- 
vesical abscess and the left ureteral stenosis, the pa- 
tient had bilateral nephrostomies. At the time of her 
kidney drainages by extensive flank incisions, multiple 
Penrose drains had to be placed deep in both flanks 
after approximately 1,500 cubic centimeters of pus and 
urine were found in each retroperitoneal gutter area. 

The patient tolerated nephrostomy drainage poorly 
because of continuous stone formation. In 10 days 
both nephrostomy tubes would be completely occluded 
with calcium deposits in spite of generous daily irri- 
gation of the tubes with acetic acid solution (Fig. 9). 
Frequent change of nephrostomy tubes was traumatic 
for the patient and for the urologist, since there was 
always difficulty in reintroducing the tubes. The pa- 
tient finally reached an equilibrium and began to gain 
weight. 








a 
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lic. 7. Case 1. a, Cystogram showing reflux and outlining of ilial loop and right upper urinary 
tract. b, Film made immediately after voiding showing complete emptying of the ileal loop. 


On March 25, 1954, reconstruction of both ureters 
was performed, using a single loop of ileum (E. V. M., 
J.G.M., E.R. W.) (Fig. 10). No evidence of recurrent 
cervical cancer was found. There was complete de- 
struction of the right ureter up to the right uretero- 
pelvic junction. The loop of small bowel, prepared in 
the manner described in Case 1, measured approx- 
imately 40 centimeters. It was connected isoperistal- 
tically by mucosa-to-mucosa anastomosis (end of ure- 
ter to side of bowel) at the right ureteropelvic junc- 
tion. The proximal blind ileal stump was closed and 
sutured into the right lateral gutter below the kidney. 
A No. 12 splinting rubber ureteral catheter was passed 
down through the anastomosis and milked through the 
loop of small bowel. It was fastened at the ureteroileal 
anastomosis with 1 plain No. 0 gut suture. 

The middle of the left ureter was then dissected free 
from its dense scar tissue bed with extreme difficulty. 
The upper half of the ureter was of good caliber with 
slight dilatation. A mucosa-to-mucosa anastomosis 
was made on the left side with a No. 10 ureteral 
splinting catheter fastened in place and milked through 
the small bowel. The lower end of the ileum was then 
attached to the bladder by mucosa-to-mucosa 
sutures. The ureteral catheters were brought out 
through the urethra and were tied to a splinting Foley 
catheter (Fig. 11). The ileal loop was not fixed in 


any way to the peritoneum in this case. 

The patient made an uneventful recovery following 
this operation and spontaneously extruded the ureteral 
catheters on the ninth postoperative day. The next 
day, excretory urography with the nephrostomy tubes 
clamped off showed bilateral function with slight 
hydronephrosis on the right, but patent prompt drain- 
age through both anastomoses (Fig. 12). Three days 
later nephrostograms showed only slight delay on 
emptying, and the nephrostomy tubes were removed. 
The nephrostomy on the right side dried up within 24 
hours but the one on the left continued to ooze for ap- 
proximately 1 week. The patient was discharged on 
the eighteenth postoperative day without complaint. 
She wore a uretheral catheter which was kept open 
for 3 weeks. 

Subsequent follow-up studies have been marked by 
clinical improvement and complete freedom from com- 
plications. Blood chemistry studies and excretury 
urograms repeated in March 1955, one year after ‘:p- 
eration, showed persistence of the slight hydronephr: sis 
which had been present ever since the nephroston ies 
were done (Fig. 13). She continues to enjoy a ull 
normal active life without complaints. She goes to he 
bathroom once during the night according to our n- 
structions. She carries no residual urine but contin 1s 
to have mucous shreds, occasional white blood cz |s, 




















































Fic. 8. Case 2. Retrovesical and retroperitoneal abscess 
with 1,500 cubic centimeters of pus and urine catheter- 
ized by the right ureteral orifice. Left ureteral “‘dilating”’ 
catheter in place. 


Fic. 9. Case 2. Roentgenogram of kidney, ureter, and 
bladder showing nephrostomy tubes in both kidneys with 
calculous debris in tubes, ureters, and pelves. 


Fic. 10. Case 2. Artist’s drawing showing technique 
of the operation. 


and rare bacilli in her urine. An excretory urogram, 
taken with the patient holding her bladder urine for 
1 hour, shows reflux up the ileal loop without any 
complications (Fig. 14). Although an asymptomic 
baci!luria persists she has received no medication since 
leaving the hospital. 


‘The next 2 patients were operated upon 
in! ebruary 1955, and it is too soon for crit- 
Ica postoperative evaluation. 
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detail of 
anastomosis 


Fic. 10. 


Case 3. N. P., a 29 year old female, had a radical 
hysterectomy in June 1954 for recurrent cervical car- 
cinoma which developed after a full 2 year course of 
radiation. Postoperative damage to both lower ureters 
resulted. A left ureterovaginal fistula was successfully 
repaired with a flap of bladder. In January 1955 aright 
ureterotomy-in-situ was performed after right uretero- 
neocystostomy had failed in December 1954. In Feb- 
ruary 1955 a loop of ileum was substituted for the de- 
stroyed lower third of the right ureter. The technique 
which was described in Case 1 was used. The ileal 
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Fic. 14. 
Fic. 11. Case 2. Both ureteral splinting catheters in place; the ileal loop filled with dye. 
Fic. 12. Case 2. Excretory urography with nephrostomy tubes clamped off 10 days postoperatively. 
Fic. 13. Case 2. Excretory urography made 1 year after ileal loop repair. 
Fic. 14. Case 2, Cystogram made by having the patient hold her urine after excretory urography. 
Note reflux. Patient had no ill effects. 
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low.» was carefully fastened to the retroperitoneal wall 
wit: interrupted silk sutures. The postoperative course 
has been uneventful and kidney function is steadily 
improving on the right side. The patient has had no 
coniplications with regard to renal infection or elec- 
tro!yte imbalance (Fig. 15). 

Case 4. H. P., a 32 year old single woman, had a 
simple hysterectomy and left oophorectomy for a bi- 
zarre, chronic fibrous disease of the pelvis and left 
ovary in July 1954. The pathologist at that time could 
not specifically identify the tissue; “tough tan hemor- 
rhagic tissue removed from the pelvis, some contains 
clear cysts; frozen section impression, stromal endo- 
metriosis.”” At operation her left ureter had to be par- 
tially stripped to remove the pelvic mass. Preoperative 
excretory urograms were not made. 

Persistent urinary tract infection and chronic left 
pyelonephritic symptoms developed after hysterec- 
tomy and left oophorectomy. Despite ureteral dila- 
tions and indwelling catheter drainage as prescribed 
by other urologists from August 1954 to February 1955 
the patient’s left ureter became more and more ob- 
structed (Fig. 16). Her attacks of left pyelonephritis 
became uncontrollable, and by February 1955 a No. 
5F catheter could not be passed up this side. 

Use of an isolated loop of ileum to bridge this ob- 
structed ureter was discussed preoperatively with her 
gynecologist and the pathologist who had reviewed 
her previous pelvic tissue specimens. The fibrous dis- 
ease of the pelvis had steadily climbed up around the 
left ureter since operation with ultimate obliteration 
of the lower one-third of the left ureter. The left ure- 
teral stump was too short for reimplantation. Mere 
incision of the stricture was not considered adequate. 
Because this unpredictable “stroma! endometriosis” 
might also produce later obstruction of the right ureter, 
it seemed necessary to preserve the left kidney drain- 
age in this 32 year old girl. In discussing possible sur- 
gical procedures prior to operation the patient refused 
diversionary nephrostomy tube drainage, stating that 
she could get well without it. 

In February 1955, a laparotomy was performed. 
The upper portion of the left ureter was a dilated tube 
about the size of an index finger enmeshed about 3 
centimeters above the pelvic brim in a mass of brown- 
ish colored cheese-like fibrous tissue. As the dilated 
ureter was grasped, it separated from the pelvic brim 
with almost no traction. After resecting 2 centimeters 
of this proximal stump, the tissue appeared normal. 
The pathologist reported: ‘Chronic ureteritis granu- 
lation tissue with numerous histiocytes and polymor- 
phonuclear leukocytes.” 

left ureteroileocystoplasty was performed without 
benefit of nephrostomy drainage (E. V.M.andR.W.). 
The anastomoses were done as in Case 2. A slightly 
lonver loop of ileum, measuring approximately 30 
cei \imeters, was used. The ureteroileal anastomosis 
(e: d-to-side) was made without difficulty, under and 
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Fic. 15. Case 3. Immediate postoperative excretory 
urogram. 


lateral to the sigmoid mesentery. An extremely short 
ileal mesentery and fear of traction on the mesenteric 
vessels required the extra length of ileum. No attempt 
was made to tack the ileal loop to the retroperitoneum. 

The immediate postoperative course was uncompli- 
cated except for the patient’s stubborn refusal to keep 
the left ureteral splinting No. 12 catheter in place. The 
splint was removed on the sixth postoperative day at 
her insistence, and she was discharged on the ninth 
postoperative day without any catheter drainage. She 
had minimal flank discomfort for 2 weeks requiring 
gantrisin medication. In June 1955 excretory uro- 
grams showed decrease of the hydronephrosis on the 
left side suggestive of improving kidney function. A 4 
hour delayed film showed no retention (Fig. 17). This 
patient, as well as the 3 preceding ones, has shown no 
alteration in her electrolyte patterns and continues to 
do full, active work without regard for her ureteral 
reconstruction. In November of 1955 her health was 
good and she was working full time as a domestic. Uro- 
grams taken at this time showed continuing improve- 
ment of kidney function. 


DISCUSSION 

In addition to the 20 cases which we have 
been able to study in the literature, these 4 
patients confirm Shoemaker’s contention ex- 


pressed in 1906, that it is mechanically and 
technically feasible to substitute an isolated 
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loop of viable small bowel for a damaged 
ureter. This operation would not seem indi- 
cated when ureteral continuity following in- 


fectious, traumatic, or neoplastic injury can — 


be restored by simpler means. It should not 
replace ureteroneocystostomy for low short 
ureteral injuries or ureterostomy and splint- 
ing for pliable ureteral strictures. But for the 
serious ureteral injury that has in the past 
necessitated intolerable nephostomies or sac- 
rifice of a good kidney in order to obviate 
urinary drainage, this operation offers great 
promise. 

In our experience to date and in the re- 
corded experience of others, previously feared 
hazards of electrolyte absorption and dis- 
abling infection from such a urinary conduit 
have not developed. All of our patients have 
had mucosa-to-mucosa anastomoses with 
splinting No. 10 or No. 12 ureteral catheters. 
The problem of maintaining patency of the 
ureteroileal and the ileovesical anastomoses 
has not been as complicated as one might 
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Fic. 16. Case 4. Ureterogram of the left side, January 
$955: 


Fic. 17. Case 4. Excretory urogram (kidney detail), 3 
months after ileal loop repair. 


imagine from previous experience with ure- 
terosigmoidostomy. 

No attempt is being made to sterilize the 
lower urinary tracts of these 4 patients. It is 
believed that absence of symptoms, main- 
tenance of normal electrolyte patterns, and 
apparent preservation of renal function are 
proof enough that the bacterial problem is 
not of paramount importance. Hypermotil- 
ity of the isolated loop with its active peris- 
talsis may protect the kidney. 


CONCLUSION 


A variety of recent reports have revived 
interest in ureteroileocystoplasty. Four pa- 
tients with severely damaged ureters studied 
before and after repair of ureteral defects by 
means of an ileal loop have been presented. 
Immediate results are encouraging, but only 
long term investigation of carefully selected 
cases will provide accurate appraisal of tle 
value of this operation. With greater accep'- 
ance of this procedure it may be possible o 
save many kidneys which in the past ha: e 
been removed for lack of a suitable way >f 
handling urinary drainage. 
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PREVIOUS INVESTIGATORS have found that 
cooling dogs to below 20 degrees C. was hin- 
dered by the occurrence of cardiac arrest or 
ventricular fibrillation. Even among the dogs 
that survived cooling to 20 degrees C. the 
fatality rate was high, for many of the im- 
mediate survivors died from shock within a 
few hours after regaining normal body tem- 
peratures. Bigelow has been able to arrest 
the circulation in dogs for periods of 15 min- 
utes at 20 degrees C., but only 15 per cent 
of his 39 dogs survived this procedure. One- 
half of them died in ventricular fibrillation 
or cardiac standstill, while the rest succumbed 
during the first 2 to 12 hours after regaining 
a normal temperature. Swan submitted 12 
dogs to right ventriculotomy at temperature 
levels between 20 and 25 degrees C. and all 
of his dogs developed ventricular fibrillation. 

The present report will describe how it has 
been possible to cool dogs to temperature 
levels below 10 degrees C. with survival, and 
how with other dogs it has been possible to 
arrest the circulation for periods of 30 min- 
utes and to do a right ventriculotomy at 18 
degrees C. with survival. Most of the dogs 
that survived cooling to temperatures below 
10 degrees C. had periods of cardiac stand- 
still which lasted for more than 1 hour. To 
reach these states of profound hypothermia 
with a low incidence of ventricular fibrilla- 
tion an important part of the technique has 
been the use of carbon dioxide in the respira- 
tory mixture. 


METHODS 


One hundred twenty-nine mongrel dogs 
weighing from 4 to 25 kilograms have been 
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PROFOUND HYPOTHERMIA IN THE DOG 


SUAD A. NIAZI, M.B., Ch.B., and F. JOHN LEWIS, M.D., F.A.C.S., Minneapolis, Minnesota 


used in these experiments. The experiments 
performed fall into two main types: type I, 
those in which the animals were cooled to 
below 10 degrees C. or as low as possible, 
without thoracotomy; and type II, the ex- 
periments in which the animals were sub- 
jected to a thoracotomy and circulatory 
arrest, plus ventriculotomy in some cases, at 
a temperature level of 18 degrees C. All of 
the animals were subjected to surface cool- 
ing using refrigerating blankets under nem- 
butal anesthesia. Artificial respiration was 
used during cooling and rewarming employ- 
ing an automatic, electronically controlled 
respirator and an open respiratory system. 
This respirator consisted of expiratory and 
inspiratory solenoid valves which were oper- 
ated by an electronic timer. A respiratory 
rate of 10 to 25 per minute was used, and 
the respiratory rate and volume were kept 
unchanged during the period of each 
experiment. 

Among the dogs in which cooling to be- 
low 10 degrees C. was attempted several 
points in the technique were special. In these 
dogs the respiration was discontinued during 
the period of cardiac standstill if cardiac 
standstill occurred. In some of them, as will 
be described later, the respiratory mixture 
was changed at temperatures below 20 de- 
grees C. Rewarming was accomplished by 
applying wet packs at 45 degrees C. to the 
chest wall until the heart had started beat- 
ing, then the entire body was rewarmed in 
the same manner. The heart action was 
watched electrocardiographically during the 
experiment and the body temperature was 
measured rectally witha mercury thermome- 
ter. Blood hydrogen ion concentration de- 
terminations were made on arterial blood 
samples taken from the femoral artery during 
cooling and rewarming. The hydrogen ion 
concentration was read on Beckman or Cam- 
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bridge pH meters under anaerobic condi- 
tions, and at constant temperatures of 25 or 
37 degrees C. The hydrogen ion concentra- 
tion read on the meter was then corrected 
to the body temperature at which the speci- 
men was taken using the factor of 0.0147 of 
hydrogen ion concentration unit change per 
1 degree C., as the blood hydrogen ion con- 
centration in vitro rises with the drop in 
temperature, and falls when the temperature 
of the blood is increased. The plasma carbon 
dioxide was measured by a Van Slyke ap- 
paratus, and the serum potassium was 
determined by the Beckman flame spectro- 
photometer. 

The dogs which were cooled only to 17 
to 18 degrees C. and had circulatory inter- 
ruption for 30 minutes were breathing a mix- 
ture of carbon dioxide and oxygen. They 
were given 5 per cent carbon dioxide in oxy- 
ven until the temperature reached 30 de- 
grees C. and then shifted to 10 per cent car- 
bon dioxide in oxygen during the remainder 
of the cooling period and the first part of the 
rewarming period. The chest was opened 
through the right fourth interspace and the 
circulation was interrupted by occluding the 
caval and azygos venous flow. During the 
period of circulatory interruption respiration 
was stopped. In the animals that had a right 
ventriculotomy an incision approximately 4 
centimeters in length was made parallel to 
the anterior descending branch of the left 
coronary artery and in the upper part of the 
right ventricle. The resulting ventriculotomy 
wound was closed with sutures of No. 000 
silk. 

Throughout this article adult dogs and 
young dogs are considered separately since 
it has been found that they respond differ- 
ently to cooling. The term young applies to 
animals which had some permanent teeth 
replacing the decidual teeth while adult re- 
fers to dogs in which the permanent teeth 
were complete. Young dogs were approxi- 
mately 3 to 6 months of age and adult dogs 
were over 1 year of age. No puppies (dogs 
under approximately 3 months of age) were 
used. 
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TYPE I—PROFOUND COOLING WITHOUT 
THORACOTOMY 


A. Dogs breathing oxygen alone. When 10 
young dogs 4 to 10 kilograms in weight were 
given only oxygen during cooling, ventricular 
fibrillation occurred in 4 of them at tem- 
perature levels between 13 and 17 degrees 
C. In the remaining 6 dogs the hearts con- 
tinued to beat even though the body tem- 
perature was reduced below 7.5 degrees C. 
(average 4.9 degrees C.). However, the heart 
beat in these dogs was irregular, slow, and 
weak, and all of them succumbed during 
rewarming. 

Ten adult dogs (6 to 20 kilograms in 
weight) were also cooled while breathing 
oxygen alone. All of these developed ven- 
tricular fibrillation at body temperatures be- 
tween 19 and 23 degrees C. 

Respiration with oxygen alone produced 
an elevation in the blood hydrogen ion con- 
centration and a drop in the carbon dioxide 
content of the plasma (Figs. 1 and 2). 

B. Dogs breathing mixtures of carbon dioxide 
and oxygen. Ventricular fibrillation did not 
occur in any of 11 young dogs (6 to 11 kilo- 
grams in weight) when a respiratory mix- 
ture of 5 per cent carbon dioxide in oxygen 
was used for breathing. The heart in these 
dogs continued to beat down to temperature 
levels between 8.5 and 0 degrees C. (average 
3.8 degrees C.). 

When 5 per cent carbon dioxide was given 
to 12 adult dogs (7 to 23 kilograms in weight), 
all developed ventricular fibrillation at tem- 
perature levels between 17 and 23 degrees 
C., except 1 which had a continued heart 
beat down to 8 degrees C. However, if 5 per 
cent carbon dioxide was followed by a 10 
per cent concentration when the body tem- 
perature reached 30 degrees C.; none of 10 
adult dogs (10 to 25 kilograms in weight) de- 
veloped ventricular fibrillation even though 
they were cooled to below 10 degrees C. 
While 33 milligrams of nembutal per kilo- 
gram of body weight was enough to keep 
the dogs quiet during cooling when oxygen 
alone or 5 per cent carbon dioxide was given, 
this amount of nembutal had to be increased 
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Fic. 1. The effect of breathing oxygen alone on the 
blood hydrogen ion concentration of dogs during hypo- 
thermia. 


to a total of 55 to 77 milligrams per kilogram 
of body weight when 10 per cent carbon 
dioxide was administered. 

Carbon dioxide in these concentrations 
prevented an elevation of blood hydrogen 
ion concentration which had been noted 
when oxygen alone was given (Fig. 3). Fur- 
thermore, plasma carbon dioxide content 
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Fic. 2. The effect of breathing oxygen alone on the 
plasma carbon dioxide of dogs during hypothermia. 
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was increased instead of dropping as it had 
when carbon dioxide was absent in the re- 
spiratory mixture (Fig. 4). 

Although the hazard of ventricular fibril- 
lation was successfully avoided by this tech- 
nique, employing the addition of carbon 
dioxide to the respiratory mixture, the mor- 
tality rate was high in this group of dogs. 
Only 1 dog in the whole group survived a 
body temperature below 10 degrees C. This 
was a young dog and its temperature reached 
3 degrees C. The remaining dogs died dur- 
ing early rewarming (10 to 14 degrees C.) 
because of a gradual failure of heart action 
often terminating in ventricular fibrillation. 

C. Cardiac standstill during cooling. In the 
first experiment (group A), in which oxygen 
alone was used in the respiratory mixture, 
death resulted at low temperatures, usually 
of ventricular fibrillation. When carbon di- 
oxide was added in the second experiment 
(group B), it was possible to cool animals to 
below 10 degrees C. without ventricular 
fibrillation during cooling but the procedure 
was still almost uniformly lethal despite the 
fact that the heart continued to beat during 
cooling. As the next experiment will show, a 
distinctly better survival rate resulted when 
cardiac standstill, rather than a continued 
heart beat, was achieved during profound 
hypothermia. We were able to produce car- 
diac standstill in a significant number of ani- 
mals through a technique in which the re- 
spiratory gases were changed at tempera- 
tures around 20 degrees C. Five per cent 
carbon dioxide in oxygen was used until the 
body temperature reached approximately 
20 degrees C. This mixture was then discon- 
tinued and oxygen alone was given during 
the rest of the cooling. This change in re- 
spiratory gases caused a shift in blood hydro- 
gen ion concentration to the alkaline range 
and a drop in plasma carbon dioxide (Figs. 
5 and 6). 

Thirty-eight young dogs 4 to 11 kilo- 
grams in weight (average 7 kilograms) 
were cooled according to this method. 
Seventeen developed cardiac standstill when 
the body temperature reached levels be- 




















tween 9 and 15.5 degrees C. (average 12.5 
degrees C.). Thus, cardiac standstill oc- 
curred in 45 per cent of the group, while 
among the remainder 8 (21 per cent) 
developed ventricular fibrillation at tem- 
peratures between 12 and 20 degrees C., 
and 13 (34 per cent) continued to have a 
heart beat though they were cooled to 
temperature levels between 0 and 8.5 
degrees C. (average 5 degrees C.). 

On rewarming, the survival rate was high 
in the group which passed through the low 
temperatures of 2 to 11.5 degrees C. 
(average 8.5 degrees C.) in a state of cardiac 
standstill. Thirteen out of 17 (76 per cent) 
in this group survived on rewarming, 
whereas the survival rate was low in the 
group of 13 dogs in which the heart con- 
tinued to beat. Only 3 dogs survived. These 
3 dogs had reached temperature levels of 
between 3 and 6 degrees C. 

When cardiac standstill occurred, it was 
maintained for periods of 1 to 114 hours be- 
fore the animal was rewarmed. These dogs 
in addition underwent periods of 1 to 2 
hours during which there was only a slow 
nodal or idioventricular rhythm. In the 
early part of the rewarming period the 
heart would beat only once every 1 to 5 min- 
utes. 

This method of producing cardiac stand- 
still was also tried in a group of 8 adult dogs. 
Three of these 8 dogs developed cardiac 
standstill at 9.5 degrees C., 13 degrees C., 
and 14.5 degrees C. One of these 3 dogs 
survived after rewarming from a tempera- 
ture of 9 degrees C. Among the remaining 
5 dogs 2 succumbed to ventricular fibrilla- 
tion at 15 degrees C. and 19 degrees C. 
respectively, while in the other 3 the heart 
continued to beat to below 10 degrees C. All 
of these latter dogs died during rewarming. 

Thus, when both groups of dogs in which 
we attempted to produce cardiac standstill 
are considered together, we find that, of 46 
dogs cooled according to the method de- 
scribed, cardiac standstill occurred in 20 
dogs (43 per cent), whereas 10 succumbed 
to ventricular fibrillation (22 per cent) and 
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Fic. 3. The effect of breathing carbon dioxide and 
oxygen mixtures on blood hydrogen ion concentration 
of dogs during hypothermia. 


in 16 (35 per cent) the heart continued to 
beat to body temperatures below 10 
degrees C. In the group that developed 
cardiac standstill 14 (70 per cent) survived 
though they had been cooled to tempera- 
tures between 11.5 degrees C. and 2 degrees 
C., whereas only 3 dogs (19 per cent) sur- 
vived in the group of 16 dogs in which the 
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Fic. 5. The effect of breathing carbon dioxide-oxygen 
mixtures until 20 degrees C. and then oxygen alone on 
blood hydrogen ion concentration of dogs during hypo- 
thermia. 


heart continued to beat. These last dogs 
were cooled to temperatures between 6 and 
3 degrees C. 

The surviving dogs in the various groups 
lived from 3 weeks up to several months 
with 2 exceptions. These 2 dogs had dis- 
temper when cooled and they died of the 
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Fic. 6. The effect of breathing carbon dioxide-oxygen 
mixtures until 20 degrees C. and then oxygen alone on 
plasma carbon dioxide of dogs during hypothermia. 


disease 2 and 3 days after cooling. ‘Thirteen 
of the late survivors (1 in group B and 12 in 
group C) appeared neurologically normal 
while 3 others showed a temporary flaccid 
paralysis of the hind limbs. This may have 
been due to the fact that in these dogs the 
whole body was rewarmed for almost 30 
minutes before the heart had resumed 
beating. When the back and head of the 
animal were excluded during the period of 
early rewarming, this neurologic complica- 
tion was avoided. 


TYPE II—THORACOTOMY AND INTRACARDIAC 
SURGERY AT BODY TEMPERATURES BELOW 
20 DEGREES C. 


In these experiments there were 30 adult 
dogs weighing 10 to 20 kilograms. ‘The body 
temperature was dropped to levels between 
17 and 18 degrees C. and the circulation 
was interrupted as described before under 
“*Methods.” 

Results among these animals will be pre- 
sented in two groups: first, those dogs which 
had only interruption of the blood flow, 
and secondly, the dogs in which a right 
ventriculotomy was performed during the 
occlusion period. 

A. Circulatory interruption alone. Twenty-one 
dogs had circulatory arrest for 30 minutes 
at temperature levels between 17 and 18 
degrees C. Four of these dogs developed 
ventricular fibrillation, 2 during the oc- 
clusion period and 2 others in the post- 
occlusion period, 5 to 10 minutes after the 
vascular occlusion had been released. The 
4 animals which had ventricular fibrillation 
died during rewarming although electrical 
defibrillation had been successful. The re- 
maining 17 dogs survived and lived normal- 
ly for months following surgery. No evidence 
of neurologic damage was detected. 

B. Right ventriculotomy. Right ventricu- 
lotomy was performed in 9 dogs. After these 
animals had been cooled the circulation 
was interrupted at approximately 18 de- 
grees C. for periods of 30 minutes in 7 of the 
animals and for 20 minutes in the remaining 
2 dogs. None of these 9 dogs developed 
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ventricular fibrillation and all of them sur- 
vived and lived for a week or longer. No 
neurologic defects were detected. 

In the majority of these dogs the heart 
continued to beat regularly during circula- 
tory interruption although most of them had 
irregular beats with extrasystoles and idio- 
ventricular or nodal rhythm in the post- 
occlusion period. A regular heart beat with 
a sinus rhythm returned during rewarming 
usually at body temperatures between 22 
and 25 degrees C. 


DISCUSSION 


As long as the cause of ventricular fibrilla- 
tion during cooling is still unknown the ac- 
tion of any apparently effective antifibrilla- 
tory agent like carbon dioxide, in this study, 
will remain unknown too. However, the 
relationship of the blood oxyhemoglobin 
dissociation curve to the temperature and 
the hydrogen ion concentration of the blood 
may explain the possible action of carbon 
dioxide in preventing or reducing the inci- 
dence of ventricular fibrillation during 
cooling. It has been suggested that cessation 
of the heart beat during cooling may be due 
to a marked shift of the oxyhemoglobin dis- 
sociation curve to the left. Both alkalosis and 
low temperatures shift this curve to the left. 
Acidosis and high temperatures produce the 
opposite effect by shifting the oxyhemo- 
globin dissociation curve to the right. The 
respiratory alkalosis produced by giving 
oxygen alone may, therefore, impair the 
dissociation of oxygen from the blood 
hemoglobin and thus result in a reduced tis- 
sue oxygen tension. 

There is another mechanism which may 
play a part in the animals subjected to a 
thoracotomy. When a mixture of carbon 
dioxide and oxygen is administered with an 
artificial respirator and an open system, the 
blood hydrogen ion concentration remains 
relatively constant, at a level slightly below 
normal, during the entire experiment. This 
maintenance of a constant hydrogen ion 
concentration throughout is doubtless an 
important advantage of the technique, and 
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Fic. 7. The effect of breathing oxygen or mixtures of 
oxygen and carbon dioxide on the blood hydrogen ion 
concentration during hypothermia. The shift in the blood 
hydrogen ion concentration from acid to alkaline at 
temperatures below 20 degrees C. was responsible for 
cardiac standstill in 43 per cent at approximately 12.5 
degrees C. This shift was produced by the breathing of 5 
per cent carbon dioxide in oxygen until 20 degrees C. 
and then oxygen alone. 


it is difficult or impossible to obtain by other 
methods. For example, if the animal is al- 
lowed to breathe spontaneously until. the 
thoracotomy is started, employment of the 
respirator then is apt to cause a shift in the 
hydrogen ion concentration from an acid 
to an alkaline level. Similarly, if attempts 
are made to control the hydrogen ion con- 
centration by altering the rate and volume 
of artificial respiration during cooling there 
is likely to be an alkaline shift in hydrogen 
ion concentration after the chest has been 
opened. This occurs because an increase in 
the respiratory rate or volume is necessary 
at that time in order to avoid partial col- 
lapse of the lungs. With this method the 
respiratory rate or volume must be reduced 
gradually as the animal is cooled in order 
to avoid alkalosis, but when the chest is 
suddenly opened the volume of respiration 
at this slow rate is not sufficient to ventilate 
all of the lung. When this is corrected, as it 
must be, by increasing the respiratory 
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Fic. 8. The effect of breathing oxygen alone on serum 
potassium of dogs during hypothermia. 


volume, alkalosis occurs. It has been ade- 
quately demonstrated that such a shift in 
hydrogen ion concentration is apt to cause 
ventricular fibrillation. These changes in 
hydrogen ion concentration are avoided by 
using carbon dioxide with an open re- 
spiratory system throughout the experiment. 

In other circumstances a shift in hydro- 
gen ion concentration appeared to be useful 
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Fic. 9. The effect of continued breathing of carbon 
dioxide and oxygen mixtures on serum potassium of dogs 
during hypothermia. 
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for a special purpose among animals not 
subjected to a thoracotomy. In _ order 
to get survivors with any regularity after 
cooling to below 10 degrees C., it was 
necessary that the heart stop beating dur- 
ing the low temperature ranges. This 
state of cardiac standstill at low body 
temperatures was achieved, though not in 
every case, when there had been a shift of 
blood hydrogen ion concentration from a 
normal or a low level to a high, alkaline 
level at temperatures around 13 degrees C. 
(Fig. 7). Some animals developed ventricu- 
lar fibrillation after this shift in hydrogen 
ion concentration, but 43 per cent of them 
developed cardiac standstill. In contrast, at 
normal body temperature Brown and Mil- 
ler, using a different experimental arrange- 
ment, always obtained fibrillation following 
a shift in hydrogen ion concentration from a 
low to a high level. This is an intriguing dif- 
ference which must be related, at least in 
part, to the great difference in body tem- 
perature between the animals in the two ex- 
periments. In this special situation it seems 
that hypothermic animals are actually less 
sensitive to ventricular fibrillation than are 
normothermic animals. 

Speculation on the observations we have 
made so far must be limited for the physio- 
logic changes which follow alterations in 
respiratory carbon dioxide at low tempera- 
tures are not yet clear. It seems, however, 
that alkalosis during cooling is dangerous 
for it predisposes to ventricular fibrillation. 
But if respiratory alkalosis is avoided during 
the first part of cooling through use of 5 per 
cent carbon dioxide in oxygen and then 
produced intentionally by discontinuing the 
carbon dioxide at low temperatures, stand- 
still rather than fibrillation may follow in 
some animals. Even this group of animals 
which had carbon dioxide during only the 
first part of the cooling period had a lower 
incidence of ventricular fibrillation than 
those which received oxygen during the 
entire cooling period. 

Changes in serum potassium have oc- 
curred during cooling by any method we 
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have tried but some of the changes that oc- 
curred during the latter part of cooling were 
apparently modified by using carbon di- 
oxide. During the first part of cooling, the 
potassium level fell in all the experiments, 
but after this decline the level started to 
rise in the latter part of cooling and during 
the early rewarming period (Figs. 8 to 10). 
Though the initial drop was unrelated to 
blood hydrogen ion concentration the sub- 
sequent rise was related, for it was higher in 
animals which breathed only oxygen than 
in those which were given carbon dioxide. 
Animals with high levels of potassium usual- 
ly died during rewarming. In fact, no ani- 
mal in which the serum potassium exceeded 
7 milliequivalents survived the experiment. 
The meaning of these high serum potas- 
sium levels in some of the animals is not 
clear but they may have resulted from a 
severe generalized cellular injury. 

As the body temperature falls, striking 
changes appear first in the J waves and the 
S-T segments of the electrocardiographic 
tracing. More profound alterations of the 
pattern and heart block may follow at very 
low temperatures. Some of these changes 
have prognostic significance and as the 
prognosis is improved by adding carbon 
dioxide to the inspired gas the nature and 
magnitude of electrocardiogram abnormal- 
ities have been modified. Thus, the electro- 
cardiographic tracing indicates the status 
of each experiment throughout and suggests 
its probable outcome as well. The electro- 
cardiogram is watched carefully during 
each experiment but this is just one of the 
many details of careful observation and 
gentle technique which are necessary in 
order to perform these experiments success- 
fully. 

It should be pointed out that the amount 
of anesthesia used has not been uniform in 
all the experiments. The animals which re- 
ceived 10 per cent carbon dioxide (adult 
animals) required more anesthesia during 
the cooling period, in order to keep them 
perfectly quiet, than did the animals which 
received lower concentrations of carbon 
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Fic. 10. The effect of breathing carbon dioxide-oxygen 
mixtures until 20 degrees C. and then oxygen alone, on 
serum potassium of dogs during hypothermia. 


dioxide. We do not know if the greater 
amount of anesthesia used in this particular 
group of animals may have favorably in- 
fluenced our results but it is certainly a pos- 
sibility which might prove worthy of inves- 
tigation. 

The results of these various experiments 
have lead us, understandably, to use 5 per 
cent carbon dioxide in 95 per cent oxygen 
in our clinical patients undergoing hypo- 
thermia for open intracardiac surgery. This 
work has just begun and we have used the 
technique in only 10 patients undergoing 
open cardiac surgery but the results have 
been gratifying as there has been no ventric- 
ular fibrillation. Previously this complica- 
tion had occurred in approximately one- 
third of the patients cooled by our former 
technique (3). It is possible that the present 
technique employing carbon dioxide in the 
respiratory mixture will prove to be an im- 
portant method of lowering the risk and ex- 
tending the usefulness of clinical hypother- 
mia. As in the dogs, an open respiratory 
system with an automatic respirator was 
used in these patients but sodium pentothal 
and curare rather than nembutal was used 
for anesthesia. 
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SUMMARY 


1. In experiments on dogs there was a 
lower incidence of ventricular fibrillation 
when carbon dioxide was added to the re- 
spiratory mixture during cooling than when 
oxygen alone was used. Higher concentra- 
tions of carbon dioxide and deeper levels of 
anesthesia were necessary in adult dogs than 
were required in young dogs. 

2. Dogs of various ages have been cooled, 
without special apparatus, to body temper- 


ature levels below 10 degrees C. with surviv- 


al. This has best been achieved by produc- 
ing cardiac standstill at low temperature 
levels through a technique of shifting the 
blood hydrogen ion concentration to an al- 
kaline level below 20 degrees C. 

3. The blood flow was arrested in 30 adult 
dogs for periods of 20 to 30 minutes at a 
body temperature of 18 degrees C. All ex- 
cept 4 tolerated this procedure and lived 
normally for periods of 1 week or longer. 
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Right ventriculotomy was performed in 9 of 
these dogs during the period of circulatory 
arrest, and all of these tolerated the proce- 
dure without ventricular fibrillation and 
survived with no adverse effects. 

4. Changes in blood chemicals and hy- 
drogen ion concentration levels which oc- 
curred during these profound levels of 
hypothermia have been discussed. 
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EDITORIALS 





NO SUBSTITUTE FOR SKILL 


RALPH F. BOWERS, M.D., Memphis, Tennessee 


ONE DEFINITION OF A SURGEON would be to 
say that he is primarily a therapist who 
cures or alleviates suffering by his hands 
and uses any adjunctive procedure that may 
aid him in carrying out success in his sur- 
gical ventures. To accomplish this task, he 
must be an excellent diagnostician or else 
he “casts his seed”” on improper or infertile 
soil; he must know how to estimate his pa- 
tient’s ability to tolerate the operative pro- 
cedure which he has in mind; he must know 
the intricacies of preoperative preparation 
and postoperative care, the actual tech- 
nique of the operation, and something about 
human nature. It is essential that he employ 
all phases with a sense of balance, judg- 
ment, and precision and, at the same time, 
be able to adjust himself courageously to 
assuming a necessary and proper risk at the 
proper time. In this respect, his decision 
must be similar to a commander’s plan for 
battle. There must be more than one plan, 
avenues for escape, and means of bettering 
the situation. He must retreat gracefully or 
utilize a different plan if indicated. Like 
the commander, he must gain as much good 
as possible by his endeavors. 

It must be obvious to all that the hardi- 
ness of the human body is indeed remark- 
able, and for that reason nonskillful surgery 
is permitted to pose in human activities as 
an accomplished, artful, and perhaps an 
important asset. Indeed the nonskillful are 
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apt to boast of their ability to “‘get by”’ 
with a gastric resection! Such braggadocio 
is usually nurtured by ignorance, because 
the same boaster is not well enough ac- 
quainted with his subject to know what to 
expect from the procedure and believes that 
any defect or disagreeable situations arising 
from his poor surgical handling are being 
experienced by even the skilled surgeon. He 
fails to realize that the percentage of success 
is much higher in the skilled and proudly 
points to any failures of the skilled surgeon 
regardless of the cause of the failure, con- 
demnatory or not. 

One cannot escape the fact that surgery 
demands a technique of the dexterous use 
of the hands, and agility, gentleness, me- 
ticulosity, astuteness, thoroughness, and the 
ability to develop velocity without losing 
gentleness. The place for the clumsy or 
rough operator is not in a surgical operating 
room. One must accept the “old maid” 
type of gentleness without blushing while 
employing the technical phase of this inter- 
esting art. Most often, speed is not so impor- 
tant, but there are cases when speed in 
gentle hands saves the patient’s life, and the 
operator must be able to use velocity if that 
is necessary, very much like a musician who 
interprets the adagio as meaningly and 
beautifully as the vivace, in that he must 
be capable of employing both; one without 
the other is not enough. Obviously, this 
ability demands practice, daily contact, 
and thinking. The musician who would fail 











to spend arduous hours practicing his many 
interpretations and finger techniques would 
soon have no listeners and would shortly be 
doomed to failure. Yet our techniques deal 
with life or death, pain or no pain, locomo- 
tion or no locomotion, nutrition or no nutri- 
tion, elimination or no elimination—in 
short, happiness or misery. Our diagnostic 
ability, preoperative and postoperative ac- 
tivity, operative technique, and risk esti- 
mation must then also require daily origi- 
nality, practice in thinking, resourcefulness, 
and techniques. 

Our medical friends often look askance 
at an operation—say, cholecystectomy, be- 
cause each year in a large population of 
cholecystectomies one sees some cases of 
common duct stricture following improper 
surgical techniques, or failure to achieve 
relief because the operation has been ill- 
chosen because something in the vicinity 
of the gallbladder has caused the symptoms 
instead of the gallstones—silent in this case 
—or because all of the gallbladder was not 
removed, and many other skill-lacking ac- 
tivities associated with a cholecystectomy. 
The operation cholecystectomy is medically 
condemned, but the same conferees who 
condemn the procedure or method as such 
fail to condemn the lack of skill of the sur- 
geon, which largely is the cause of the 
failure. Yet these same medical critics do 
not condemn the drug digitalis, when im- 
proper administration of this drug is known 
to be the cause of many deaths annually. 
Nor do they criticize the physician who fails 
to advise a patient with gallstones to have 
an operation, and it may be that the patient 
dies of an acute attack in old age when not 
much else was wrong. Sometimes the cause 
of this old person’s demise is the poor 
medical advice given many years before. 
Lack of medical skill causes deaths the same 
as lack of surgical skill. 

This observation is true of so many oper- 
ations. For example, in a different light, 
portacaval anastomosis has been a successful 
procedure in some hands, attended with low 
mortality and morbidity rates, while in 
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other hands the mortality and morbidity 
rates are high, or the recurrence of hemor- 
rhage is so frequent that the latter group 
abandons the procedure. Let us say that 
both groups of surgeons are equally well 
skilled. It is obvious, then, that the pro- 
cedure itself should not be condemned but 
that the second group of operators is at fault 
in not achieving success. ‘The reasons for the 
failures range from improper case selection 
or preparation to poor operative technique 
or postoperative care. It would be correct 
to say that the operation is not a good one 
in all surgeons’ hands, but that in certain 
surgeons’ hands it has proved to be satis- 
factory, although not perfect. There is merit 
in the operation, but selective skills are 
needed to effect its goodness. 

It is a matter of common knowledge that 
the musician who interprets Bach well may 
not do as well with Wagner or Victor 
Herbert. How, then, does one achieve this 
skill perfectly? He doesn’t. But, if he tries, 
plugs, practices, observes, and devotes him- 
self to bettering his skill, great improvement 
will evolve. The number of cut common 
ducts in the hands of skilled surgeons is low, 
but not zero. The author has seen the com- 
mon duct cut by a skilled surgeon only 
once, when not desired, in 30 years of active 
surgical work in large surgical services; and 
the gallbladders were properly removed by 
the surgeons in these institutions. 

Another phase of the importance of skill 
resides in the comparison of results from 
different clinics, in fact, by different sur- 
geons in the same clinic. Halsted noted that 
the recurrence rate for indirect inguinal 
hernia varied from 0 per cent to 10 per cent, 
depending upon how well the surgeon per- 
formed the hernioplasty. The surgeon who 
thought hernioplasty was too simple for 
him, and regarded it as a “minor league” 
procedure, was the one with the highest rate 
of recurrence. The one who regarded it as 
a therapeutic challenge and carefully and 
studiously used every maneuver at his com- 
mand to prevent the recurrence enjoyed the 
lower recurrence rate. 


























One reason why the comparative results 
of radical neck dissection and the Halsted 
type radical breast amputation are so mean- 
ingless is due to the fact that there is no 
way to calibrate the degree of accuracy with 
which these operations are performed. One 
observes a surgeon clean the axilla carefully, 
gently, and thoroughly, and the next sur- 
geon “ham it up.” If there is any better 
degree of success from the thoroughness of 
the two procedures (which most of us be- 
lieve), then the first operator’s results 
should be superior to the second. Actually, 
one is not comparing the same procedure, 
because the operations by these two sur- 
geons sometimes only faintly resemble each 
other. Yet, both surgeons confidently an- 
nounce that they have performed a radical 
breast amputation with the same degree of 
radical clearance of the disease, and, if in 
the same institution, the results are melted 
into a formless and insignificant mass. To 
embellish this thought further, it has been 
my observation that when the surgeon him- 
self needs an operation of this type, he in- 
variably picks the operator who is most 
thorough in his radical operative behavior. 
This simply proves that we admit that skill 
counts heavily. We believe that the more 
skill, the better the result. Even appendec- 
tomy can suffer serious indignities by the 
unskilled. ‘Twenty-three years ago, this 
author observed an unfortunate death due 
to peritonitis from rupture of an appendix. 
Sitting on the shelf in the patient’s room 
was a bottle containing an appendix, pre- 
sumably the patient’s appendix. Micro- 
scopic analysis of the contents of this bottle 
came too late to salvage this life. This pa- 
tient had passed through several physicians’ 
hands after the initial operative failure. All 
suspected the abdominal condition to be 
due to the appendix, but there was the 
bottle, and one does not remove the appen- 
dix twice in the same patient. Postmortem 
examination revealed the gangrenous blown- 
out appendix to be still present in the ab- 
dominal cavity! The vermiform-like struc- 
ture in the bottle was a piece of fat! The 
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operator had not had any actual training 
period in surgery except a rotating in- 
ternship. 

It must follow, then, that skill is impor- 
tant in surgery, the nonoperative as well as 
operative phases. The first criterion to the 
betterment of one’s surgical skill lies in the 
fact that he must like surgery and achieve 
fun by curing or alleviating pain by cutting. 
He must not enjoy it because he likes cutting 
—that is either carpentry or sadism. He 
must like it so well that he is willing to eat 
with it, sleep with it, and have fun working 
night and day. This, of course, demands 
long, responsible training for which there 
is no substitute in the average case. He must 
have some manual dexterity and must not 
think he is being a ‘“‘sissy” to be gentle; 
continual thinking and practice are neces- 
sary. He must at all times seek, exploit, and 
originate new and different avenues for 
treating those conditions for which present- 
day procedures have not brought success to 
the degree that appendectomy has achieved 
for acute appendicitis. Indeed, he must 
change as the wind changes. He must be 
stable and not stampeded into poor maneu- 
vering and thinking when the going gets 
tough, as it will if he remains in surgery and 
if he is conscientious and well enough 
versed in his subject to recognize the 
trouble. There appears to be no place for 
the dilettante. 

In short, he must live for surgery, and 
keep practicing and thinking and remain 
energetically curious, so that he may better 
his skill. One more moment of reflection: 
The lack of contact with surgery and the 
doing of it is the main reason why one 
never sees a successful consultant in surgery 
if the man has reached an age too ripe for 
participation in technical surgery. One must 
be doing surgery if he teaches or consults 
successfully. A lay-off of any period of 
time does to him what nonpractice does to 
the musician. 

The writer of this editorial would himself 
request a very great favor from the gods: 
Skill! He would like to have some. 












WHAT IS A HOSPITAL BED? 


SAMUEL P. HARBISON, M.D., F.A.C.S., Pittsburgh, Pennsylvania 


THE HOSPITAL BED differs from an ordinary 
bed in that it is a technically complicated 
piece of furniture designed to supply the 
most efficient care to a sick person. It stands 
high above the floor for the convenience of 
attending persons; it may be adjusted in 
several ways to add to the comfort of the pa- 
tient, or to aid physiologic processes; it is 
constructed so that standards for fluids or 
overhead frames may be attached; it is set 
on wheels for transportation without dis- 
turbing its burden. Thus the bed itself is de- 
signed primarily for the bed-ridden patient. 

In a broader sense the “‘hospital bed”’ im- 
plies much more. ‘There is always a bedside 
table to hold bed pan, kidney basin, urinal, 
washing utensils, and miscellany. ‘There 
must be a reading light. Often an overbed 
tray table is added. Electric buttons to sum- 
mon aid must be available. Closets to store 
clothes and other articles complete the 
necessities. 

Occupancy of the bed further widens the 
scope of its concept. It means official ‘‘ad- 
mission”’ to the hospital. With this goes un- 
dressing and a continuous pajama existence. 
Temperature, pulse, and respiration are re- 
corded at routine intervals. Hours of rising 
and retiring are arbitrarily set. Food is 
brought by tray, on special order. In most 
hospitals admission includes an initial deter- 
mination of blood count, analysis of urine, 
and study of serum. Nursing supervision, 
bathing, back-rubbing, and general bedside 
care are routine procedures. 

For the patient who is unable to care for 
himself the hospital bed is ideal. However, 
‘‘admission”’ to a hospital automatically sup- 
plies all of this for all persons, regardless of 
the degree of incapacity. On the average, 
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what percentage of patients in a general hos- 
pital need this specialized and routine care? 
And what percentage need it for only part 
of their stay? 

A survey was made on a single day re- 
cently in a 350 bed hospital for adult medi- 
cine and surgery in a large urban commu- 
nity. Patients were divided into two groups: 
those who were able to get out of bed with- 
out assistance, walk about, and generally 
take care of themselves; and those who were 
not able to do so. The former group num- 
bered 206 patients or 59 per cent of the 
total. This figure will vary from day to day 
and from hospital to hospital, but there will 
always be a significant number of ambula- 
tory patients. To most of these the ‘‘hospital 
bed” with all its implications is unnecessary 
and to some even irksome. For this group a 
modified type of hospitalization would be 
very desirable. Specifically, what would this 
mean? 

It would mean the construction of a sep- 
arate building or wing for ambulatory pa- 
tients undergoing study, treatment, or con- 
valescence. Except for one small nurses sta- 
tion on each floor, the building would simu- 
late a hotel, with ordinary beds and other 
furnishings. Dining rooms or cafeterias would 
be provided. Close physical connection to 
the regular hospital, perhaps on every floor, 
would seem necessary for easy transport of 
patients and for doctors’ rounds. The cost of 
such a structure would be much less than 
that for hospital construction.’ The per diem 
cost to the patient would be less. The pa- 
tient would find less strange surroundings 
and customs. He could eat with dignity, and 


1The Ochsner Foundation Hospital in New Orleans cost 
$24,000 per bed to construct, the adjacent guest house $8,000 

r bed. Rates at the Brent House (guest house) are $6 per day 
or a single room and $8 per day for a double room. Relatives 
of patients may also use the facility. 

















sleep when he wished. No routine orders of 
any kind would apply, only specific orders 
when necessary to carry out study or treat- 
ment. Official admission to the hospital 
would include both units, and the lowered 
total cost of hospitalization would be of ben- 
efit to both patients and insurance companies. 
It is realized that the concentration of 
strictly bed patients in the hospital proper 
would require added nursing and ancillary 
personnel, but this increase would be com- 
pensated for by the greatly decreased per- 
sonnel needed in the ambulatory section. 
There is nothing new about this concept. 
The principle is followed in several well- 
known clinics. Other hospitals have lists of 
nearby boarding houses for the convenience 
of ambulatory patients needing some. daily 
care at the hospital, but such a plan does not 
include insurance coverage. During World 
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War II general hospitals set up tent wards 
supervised by nonmedical personnel in or- 
der to utilize better their specialized beds. 
But despite the obvious advantages of such 
plans the need for further beds is usually in- 
terpreted to mean construction of more “‘hos- 
pital beds” with all the routine trimmings 
and expense—hence this editorial. Let us 
recognize that hospital patients can be di- 
vided broadly into two categories: those who 
need our full expensive armamentarium to 
get well; and those who, although necessar- 
ily hospitalized, can care for themselves 
while undergoing study, treatment, or con- 
valescence. The addition to a hospital of a 
‘“‘hotel” would seem to offer a solution for 
the ambulatory group with lowered initial 
and maintenance costs, definite advantages 
to the patient, and considerable saving of 
personnel. 
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Gall bladder 


Serosa of 
gall bladder 
, Fic. 1. a, The fundus is exposed at 
the liver edge, and an incision through 
the edematous thickened serosa opens 
the avascular plane. b, The posterior 
wall is separated from the liver bed 
in a plane that leaves the serosa of the 
gallbladder on the liver. c, The entire 
posterior wall has been mobilized. 





A Safe Technique for the Difficult Cholecystectomy Utilizing Intravesical Manipulation.— 
Clarence F. Schein and Elliott S. Hurwitt. 
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A SAFE TECHNIQUE FOR THE DIFFICULT 
CHOLECYSTECTOMY UTILIZING 
INTRAVESICAL MANIPULATION 


CLARENCE J. SCHEIN, M.D., F.A.C.S., and ELLIOTT S. HURWITT, M.D., F.A.C.S., 


New York, New York 


THERE IS STILL NO UNANIMITY OF OPINION regard- 
ing the urgent as compared with the delayed 
surgical management of acute cholecystitis. 
Those who favor deferring operation justifiably 
point out the increased technical hazards asso- 
ciated with removing the acutely inflammed 
gallbladder, and the greater difficulty of accur- 
ately defining its landmarks. Any injury to the 
common bile duct, duodenum, or hepatic artery 
supports this viewpoint. A safe method of opera- 
tion requires definitive identification of the cystic 
duct, cystic artery, and the common bile duct, so 
as to permit accurate ligation of the first two 
structures, and thorough exploration of the third 
when indicated. The method to be described has 
made it possible to remove the gallbladder safely 
and completely at the time of operation for acute 
cholecystitis, or in the presence of dense adhe- 
sions resulting from a longstanding inflammatory 
process. 

The technical problems are the result of the 
defense mechanisms and the natural walling-off 
processes that constitute reaction to inflamma- 
tion. The gallbladder wall is edematous, hemor- 
rhagic, and friable as the result of increased 
intravesical tension in a closed system. The in- 
creased pressure on the veins and the inflamma- 
tory reaction result in marked subserosal edema 
and increased organ mass, which is not re- 
lieved by simple aspiration of the luminal con- 
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tents. The gallbladder becomes intimately ad- 
herent to surrounding structures, with imminent 
or actual fistula formation and the development 
of a pericholecystic abscess involving the an- 
terior parietal peritoneum, colon, duodenum, or 
stomach. Although the early edematous reaction 
may at times facilitate a plane of dissection, it 
also frequently obscures definition of the ducts 
and blood vessels. This is particularly true when 
an acute inflammatory process is superimposed 
on a chronic calculous cholecystitis. 

There are several anatomic considerations 
that may be used to advantage in a difficult 
cholecystectomy: (1) the posterior dome of the 
fundus is the most accessible and readily identi- 
fiable site from which to initiate the dissection; 
(2) the tense gallbladder offers a resistant wall 
against which mobilization within the subserosal 
layer may be executed in an avascular plane; 
(3) the viscus may be emptied and digitally 
manipulated from within in a manner analogous 
to the management of an indirect hernial sac. 
In this way, the tactile sense is added to the 
visual faculty. Intravesical manipulation per- 
mits dual controlled liberation of pericholecystic 
adhesions, straightening out of the ampulla to- 
ward the cystic duct, and accurate identification 
of Calot’s triangle. 


TECHNIQUE 


The posterior portion of the dome of the fun- 
dus is located, and the freeing of the gallbladder 
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Fic. 3. 


is commenced at this site (Fig. 1a). The gall- 
bladder lumen is not emptied at this time be- 
cause its tumescence, maintained by increased 
intravesical tension, facilitates the freeing of the 
posterior wall of the gallbladder from within its 
own edematous subserosal layer. This posterior 
dissection is most easily initiated by a semilunar 
circumcision of the edematous fundal serosa. 
The plane of separation is maintained sub- 
serosally. The posterior wall, down to the am- 
pulla, is liberated by several broad sweeps of the 
index finger (Fig. 1b and c). Almost no bleeding 
occurs if this is done in the correct avascular 
plane, leaving the serosa on the liver bed, and 
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Hepatic duct 


Feinberg 
; 


Fic. 4. 


Fic. 2. The gallbladder is opened so that all the bile 
may be aspirated and the calculi removed. 

Fic. 3. The gallbladder wall is incised anteriorly and 
the edges grasped with long Kelly clamps. Elevation of the 
ampulla by the intravesical finger puts the cystic duct on 
a stretch and facilitates its exposure. 

Fic. 4. Progressive incision and clamp control of the 
lower anterior wall, with tension produced by the in- 
serted finger, completely expose the triangle of ducto- 
vascular structures. The common duct is also available 
for exploration. 


avoiding laceration of the liver. The fundus is 
opened widely, the bile is aspirated, and the 
stones are removed (Fig. 2). Hartmann’s pouch 
is redundant, with a variable relationship to the 
edge of the hepatoduodenal ligament, so that 
it is safer to defer traction on this area until the 
gallbladder has been opened. The anterior wall 
is incised in its long axis and each edge grasped 
longitudinally with a long-handled Kelly clamp. 
The left index finger is inserted into the lumen 
and the anterior wall of the body incised be- 
tween serially placed clamps, the handles of 
which are managed in the palm and wrist as the 
intact posterior wall lies within the grasp of the 
encircling palm (Fig. 3). These clamps control 
edge bleeding, permit increasingly deep traction, 
and allow controlled manipulation to proceed 
from defined anatomy toward the area to be skel- 
etonized. Anterior and lateral adhesions are also 
freed subserosally so that the gallbladder is lib- 
erated down to the ampulla. The ampulla is ele- 
vated from within, by flexion of the distal phalanx 
of the intravesical finger, and is separated from 
the edge of the hepatoduodenal ligament (Fig. 4). 
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At this time it is usually necessary to readjust the 
retractors so that the ligament may be put on a 
satisfactory stretch. Elevation and traction of the 
ampulla by the guide finger permits accurate 
dissection of the cystic duct from the posterior 
portion of the ampulla to its entrance into the 
common duct. Slight clockwise rotation of the 
ampulla by the guide finger affords safe identi- 
fication of the cystic artery. The artery and duct 
are then ligated and the gallbladder is removed. 
The common duct now lies in clear view for 
exploration. 

This method has proved consistently to be 
reliable in the authors’ experience. It is recom- 
mended as a safe, simple technique for the sur- 
geon confronted with a difficult cholecystectomy, 
and there is no contraindication to its use during 
all gallbladder operations. By this procedure 
one may effectively diminish the number of 
patients requiring compromise procedures, such 
as cholecystostomy, subtotal cholecystectomy, 
electrosurgical obliteration, or mucoclasis. These 
operations have been accompanied by a 


significant incidence of recurrent biliary tract 
symptoms. 
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While some of the older European surgeons 
have implied a familiarity with this technique of 
cholecystectomy, the authors have been able to 
find only one brief reference by Shackelford to 
this maneuver.’ The method may have been 
employed previously and discarded in the pre- 
antibiotic era of surgery, when contamination 
of the subphrenic and subhepatic areas with 
infected bile led to such serious complications. 
Generous surgical exposure, adequate relaxa- 
tion with modern anesthetic techniques, careful 
walling-off of the operative area to minimize 
soilage, aspiration of most of the bile from the 
gallbladder, and a strategically placed suction 
tip near the foramen of the Winslow, plus the 
judicious use of antibiotics postoperatively are 
all essential components of this approach. 


SUMMARY 


A safe method is presented for the difficult 
cholecystectomy which utilizes intravesical ma- 
nipulation of the ampulla as a guide to the tri- 
angle of Calot. 


ISHACKELFORD, R. T. In Bickham-Callander’s Surgery of the 
Alimentary Tract. Vol. I, p. 757. Philadelphia: W. B. Saunders 
Co., 1955. 
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THE HISTORY OF THE TREATMENT OF BURNS 


W. P. COCKSHOTT, M.B., Ch.B., Edinburgh, Scotland 


For however people cry, ’tis nothing 
to cure a burn: yet, by what I have seen 
of cures from country or city, they are 
often very ill performed.— Wiseman, 1676 


‘THE DIFFICULTIES in the treatment of burns have 
been lamented by all writers for centuries. Until, 
at the termination of the nineteenth century, 
bacteriology pointed the way to combat and 
avoid infection and, in this twentieth century, 
physiopathology elucidated causes and indicated 
methods of counteracting shock, little progress 
had been made from the time of the Greeks. 
The diverse methods employed in treating 
burns render it difficult to review the subject. 
Adam Macdougall stated in 1819 that “It would 
equally exceed the bounds of convenience and 
utility, to particularise all the remedies that have 
been recommended in the treatment of accidents 
of this kind.”’ As a contrast to later work, the 
therapeutic armamentarium of one of the An- 
cients will be mentioned. Subsequently the de- 
velopment of remedies as revealed by early printed 
books will be traced. Edinburgh forms the back- 
ground of the survey. The methods employed 
there during different periods are deduced from 
such sources as contemporary manuscripts, lec- 
ture courses, and the books to be found in the 
libraries. . 
Paulus Aeginata’s views on burns are repre- 
sentative of the Greek and Roman physicians. 
He advocated applications which are moderately 
detergent without being decidedly heating or 
cooling. “Light earths mixed with. vinegar are 
excellent applications to prevent blisters from 


forming. A whole raw egg immediately applied 
upon soft wool is advocated as it cools moderately 
and dries without being a stimulant. Other drugs 
mentioned include: the brine of pickled olives... 
bull’s gall dissolved with much water . . . pounded 
leeks . . . put pigeon’s dung into a rag of linen, 
burn it and mix the ashes with oil and use.” The 
latter he regarded as particularly efficacious! 

During the twelfth century Arabian civiliza- 
tion had reached its zenith and with the Crusades 
the best of ancient learning was promulgated to 
a greater extent to the Western World. Apart 
from this vivifying influence medicine changed 
little for the next few centuries as the majority of 
the teachers were priests who instructed in the 
learned language of Latin. Thus the books which 
were to be read and what was to be taught were 
determined by ecclesiastic authority. Medical 
teaching was not practical. The principle of 
Aristotle’s philosophy: that observation is the 
starting point of science was forgotten, so that 
instruction lost its practical character and be- 
came traditional, based dogmatically on the 
ancients. 

Surgery was happily able to escape partially 
from this impasse for three reasons. These should 
have applied with special force to the treatment 
of burns which, to a great extent, even today is 
one of the last strongholds of the therapeutic 
empiricists. 

Firstly, the surgeons and barber surgeons were 
often not academic medical men as such and, 
therefore, were not affected by the stagnating 
influences of formal medieval medical instruction. 
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Secondly, surgeons began to write in the ver- 
nacular. This was bitterly opposed at the time 
by the clerics and the physicians, but in the long 
run these are the books that have lasted. The 
local language was not used because the writers 
were not educated or familiar with Latin. This 
charge can certainly not be levelled at Ambroise 
Paré, William Clowes, or Peter Lowe—three of 
the most prominent pioneer writers in the ver- 
nacular. Peter Lowe in his own preface to the 
first edition of his Chirurgerie, 1597, states: “Some 
men perhaps more respecting their owne privet 
gaine than the publique profit will thinke that I 
should have concealed those things as did the 
Egiptians by writing in letters Hydrographicks” 
stating that his reasons for writing in English is 
to help “‘all young springing Plants” in the art; 
he continues, ‘‘as in good will and love I have 
done this, so the well-disposed will censure it in 
the best sort, and where fault is they will in friendly 
and charitable manner correct and amend the 
same, the ignorants I would desire onely to put 
to their hand and doe better.” These critics were 
also reprimanded by Clowes “‘they have plunged 
themselves againe and againe in the flouds and 
streames of unquencheable hatred against all 
men whatsoever (English or Straungers) that 
publisheth foorth bookes of Physicke or Chirur- 
gerie in the English tongue.” 

Thirdly, the introduction of gunpowder posed 
new problems in traumatic surgery and burns 
which could not be answered by recourse to the 
ancients. Paré in 1545 speaking of the inventor 
of the cannon remarks “I think the deviser of 
this Deadly engine hath for his recompense, that 
his name should be hidden by the darkness of 
perpetual ignorance as not meriting for his most 
pernicious invention, any mention from pos- 
terity.” His lament at the alteration of human 
relations by the increased forces of destruction 
anticipates the plaintive appeals heard today on 
the advent of thermonuclear weapons. It is de- 
voutly to be hoped that medical men will never 
be faced with casualties resulting from such a 
bomb. 

The British were among the first to use gun- 
powder on the continent at the Battle of Crecy 
in 1346. Edinburgh Castle has a possible relic 
of the battle in Mons Meg (Fig. 1). 

Guy DeChauliac in his Grande Chirurgerie (1363) 
does not deal with gunshot wounds. The earliest 
writer on this subject was Hieronymus Brun- 
schwig, in 1497, whose book was later translated 
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Fic. 1. Mons Meg—a weapon perhaps used at the 
Battle of Crecy in 1346. This is the first occasion when 
gunpowder was used to any extent in a European battle. 
(Reproduced by kind permission of the Scotsman Pub- 
lications Ltd., Edinburgh.) 


and published in London in 1525: “The noble 
experyence of the vertuous handy worke of Surgeri 
practysed and compyled by the moost experte 
mayster Jherome of Bruynswyke.”’ Jean de Vigo, 
in 1514, was one of the earlier writers on gun- 
powder and it was he who first thought that 
wounds and burns of gunpowder contained some 
essential venom which made them different from 
other wounds and burns. This was countered by 
Ambroise Paré, in 1545, and many subsequent 
writers. 

The first book devoted to burns was written by 
William Clowes (1540-1604), in 1591, “A proved 
practise for all young chirurgians concerning 
burnings with gunpowder and wounds made 
with gunshot.” The title, to an extent, belies the 
contents as only the first few pages deal directly 
with the subject of burns and gunpowder. Clowes 
advocated greasy dressings compounded of many 
drugs and had special ointments for the eyes and 
eyelids. He did not believe in opening blisters 
and, like all his contemporaries, he was an advo- 
cate of bleeding. As illustrations, he cites two 
reasonably severe gunpowder burns and then 
writes of a patient mismanaged by another prac- 
titioner. This colleague had run into difficulties 
so that on the third day he approached Clowes 
as he “knew not what to do but very early in the 
morning he came unto me, and desired my coun- 
sell and helpe, and acquainted me with the cause 
of his coming, which was, that I should bring 
with me such remedies as would speedily ease his 
patient, of the extremities of his paines, for he 
confessed that it was a one which himselfe had 
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Fic. 2. Frontispiece of the rare first edition of Lowe’s 
Chirurgerie. This copy is now in the possession of the Royal 
Society of Medicine, London. 


seen little experience of: So in regard of his cur- 
tesie, and also being very desirous of knowledge 
in the art, the which cause rather induced me to 
leave off all mine own business for that time and 
I went with him: and after my coming to the pa- 
tient perceiving indeed his paines and griefe to 
be most lamentable as it appeared by his heavie 
countenance, so that I feared his grave would 
have swallowed him up: but after I had diligently 
viewed the manner of his burning and did farther 
behold how disorderly he had been dealt with, I 
secretly conferred with the surgeon and told him 
he had not done well in the applying.” Clowes 
then bled and dressed the patient’s sores . 

**Nevertheless there was left behinde an illformed 
cicatrise by reason of the ill handling at the first, 
which after by no means possible could be pre- 
vented or amended. Then I told the young man 
he had served an ill Saint, which had not learned 
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him to know any better the nature and propertie 
of his medicines: he answered, his knowledge was 
just of his master’s pitch: then I spake little to 
him and willed him to be more diligent in read- 
ing of good authors, and hereafter to be careful 
how he applied his medicines.” 


PETER LOWE 


The first surgical writer of note from Scotland 
was Maister Peter Lowe (21550-1613). Details 
of his life are not fully known; suffice to say that 
he was a graduate of Paris University and was 
surgeon to the French Kings. In 1596, he re- 
turned to London and wrote a book on The Span- 
ish Sickness (syphilis) and then the following year 
the first edition (Fig. 2) of his Chirurgerie was im- 
printed. This is a rare book of which only two 
copies are known to exist, although a third is 
stated to be in a private collection. Typically 
proud of his nationality, on the title page of the 
first edition he calls himself “Scotchman”? and, 
in the second edition of 1612, the label “‘Scottish- 
man” is adopted. Lowe was founder of the Fac- 
ulty of Physicians and Surgeons of Glasgow. 

There is little which is different from Paré in 
this work. On the subject of burns in the first 
edition he says: “I have set downe a secrete in 
‘the poore mans guide’ to heale all kindes of 
burning in a short time with one emplaister 
onely.”’ The “‘poore mans guide” sets a most in- 
teresting bibliographic problem. To judge from 
the constant reference to this work in both first 
and second editions of his Chirurgerie and in his 
other books, there is strong reason to believe it 
existed. William Clowes, in his foreword, states 
that Lowe was “‘fully determined to publish in 
the English tongue other very briefe and pithie 
workes of chirurgerie.”” Whether the ‘“‘poore 
mans guide” was among them is conjectural. If 
this book existed it certainly does not seem to 
have been published. 

Whether the “‘poore mans guide”’ existed or 
not, in the case of burns we can discover his pre- 
scription as in the enlarged 1612 edition, the 
passage previously quoted from the first edition 
is changed to read as follows: ‘‘I have set downe 
a remedie in the chapter of burning by Gun- 
powder which doth cure all kinds of burning ina 
short time with one plaster onlie.”’ 


BURN CONTRACTURES 


There are several copies of Fabricius Hildanus’ 
(1560-1631) De Combustionibus in Edinburgh (first 




















or eS re st 7 


Thea -&- = fw -¢- = 


= = Te nH fe 














edition, Basle, 1607). He added little new to burn 
therapy, although he was the first to classify 
burns into three degrees. The main interest of 
his work lies in the problem posed by the illus- 
tration of a case of burn contracture of a right 
hand (Fig. 3) and his picture of the splint he 
used to correct the deformity (Fig. 4). The text 
accompanying the illustrations relates how a 6 
month old child was burned. The cure being left 
to unskilled empirics, all the fingers except the 
thumb became attached to the back of the hand. 
Six months later Hildanus, by the use of oint- 
ments, relaxed the parts and several days later 
divided the cicatrix with a razor. With the in- 
strument depicted in Figure 4, leather thimbles 
gradually drew the fingers to their normal posi- 
tion and “‘by divine favour the hand was restored 
to integrity.” 

The deformity being in extension rather than 
the customary palmar flexion is peculiar, but the 
author’s text and his reference to the illustra- 
tions render it abundantly clear that he says and 
depicts what he intended. 

Van Swieten, in his commentaries on Boer- 
haave, complicates the matter by speaking of the 
left hand as being the one affected. 

No further allusions to burn contractures will 
be made as these and consequent late plastic pro- 
cedures would fill a paper on their own account. 
The advice of J. W. Turner (1790-1836), Pro- 
fessor of Surgery in the Royal College of Surgeons 
of Edinburgh, should be mentioned as at that 
time he had a clear conception of the “‘position 
of function.” Turner thought that when dressings 
are being carried out the joints should be gently 
moved so as not to cause pain. If some move- 
ment appears bound to be lost, or a position in- 
evitably maintained, one must use all one’s art 
to maintain the most favorable position and the 
most useful motion. 


RICHARD WISEMAN 


The standard surgical work in use in Britain 
during the late seventeenth century was Richard 
Wiseman’s Severall Chirurgical Treatises (London, 
1676). 

He added little to the views of Paré a century 
earlier. He had truly personal experience with 
burns, as it is related how once, when dressing a 
gangrenous limb with turpentine, a candle was 
brought too close so that the oil caught fire and 
burned his fingers and thumb. As a result of this 
accident he made the well known clinical obser- 
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Fic. 3. This is a reproduction of the engraving in Fa- 
bricius Hildanus’ De Combustionibus showing the right 
hand of a burned child with contractures. 

Fic. 4. Corrective splint employed to correct success- 
fully the dorsal contractures shown in Figure 3. 





vation that a part burned superficially is far more 
painful than a deep burn. 

He followed Fabricius Hildanus in classifying 
burns in three degrees: “‘If the burn be superficial 
it raiseth the cuticle up in Blisters: if it goe deeper 
into the skin, it causes an escar: if it burns deeper 
into the flesh, the force of fire makes a hard crust 
withcontraction.” The latter type of burn is called 
a scaphelus or gangrene by most of his contempo- 
raries. For the initial treatment he advises either 
refrigerants or calefactive medicaments. ‘Hot 
medicaments assuage the heat and pain by rare- 
faction. Which in the first place may be done by 
the holding a burning hot iron of fire to the part: 
so whilst the fire calls forth the fire it made it be- 
comes it’s Alexerim (antidote).’’ According to the 
text the common remedy of the time was onion 
and salt beaten together, a medicament advised 
by Paré. 

He gives advice to avoid contractures of joints 
by careful splinting but adds that these might be 
prevented “‘by the knowing Artist without whose 
help the best medicaments signifie little.” To 
counteract ectropion, Wiseman is against drying 
medicaments being applied to the eyelids. 

An interesting case record is included. It con- 
cerns a boy of 10 who, while at boarding school 
on the evening of November 5,! “having filled his 


1The night of the fifth of November commemorates the attempt 
of Guido Fawkes to blow up the Houses of Parliament in 1604. 
Every year it provides an excuse for the children to burn his effigy 
and set off fireworks. 














right pocket full of squibs and crackers, threw one 
of them into the chimney amongst the embers.” 
This took fire and on exploding ignited the fire- 
works that remained in the lad’s pocket causing 
extensive burns which were eventually cured. 
Every fifth of November and fourth of July, hos- 
pitals still see similar cases. 

Hermann Boerhaave (1668-1738), of Leyden, 
played a prominent part in the teaching of the 
pioneers of Edinburgh University Medical Facul- 
ty, but added little to our subject aside from an 
account of a painful burn of his face resulting 
from an explosion of a form of still. Van Swieten 
states that scalding water flew into Boerhaave’s 
face and “‘penetrating through his clothes miser- 
ably scalded his arms. His whole face was in a lit- 
tle time blistered and his eyelids so much swelled 
as to obstruct his sight insomuch as he could not 
distinguish even the light of a candle. He imme- 
diately ordered himself to be bled (ad deligium) 
and the next day caused the phlebotomy to be 
repeated; and afterwards took a pretty strong 
purge, even although he was reduced nearly to a 
state of fainting by the slighter purges.”’ 

In spite of these heroic measures he was again 
in public in 8 days! When the leading physician 
of the day thus dealt with himself it is not sur- 
prising that burns were viewed with grave mis- 
givings. 

CARRON OIL 


A favorite burn remedy which became a house- 
hold word in Scotland was Carron oil. This ma- 
terial consisted of lime water and linseed oil in 
equal parts. The application to burns of lime, 
chalk, and earth goes back to the ancients. Chau- 
met in his Enchridion Chirurgicum, published in 
1560, seems to have been the first to use lime 
water for burns.” 

It is not known who originated Carron oil but 
contemporary authors attribute its introduction 
to the Carron Iron Foundries, situated outside 
Falkirk, not far from Edinburgh. This company 
was founded in 1759 and their records indicate 
use of the oil in their very early years. 

John Roebuck, a Sheffield man and a mem- 
ber of the Royal Medical Society of Edinburgh 
(1740), studied in Edinburgh and Leyden, where 
he received his M.D. degree. He was a founder 
of the Carron company and it was through his 


2R. H. Aldrich in chapter on burns of Pre-operative and Post- 
operative Surgery (Philadelphia, 1946) attributes to _— of 
the third century B.C., the use of lime water and oil. 
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improvements that the business prospered. He 
substituted charcoal first by pit coal and then by 
coke which resulted in a more marketable iron. 
This ingenious, medically trained man may well 
have been the originator of the oil. 

The Carron company, in 1787, received a re- 
quest to visit the works from Robert Burns, who 
applied under a fictitious name. This was refused 
perhaps because the proposed visit was to be on 
a Sunday. 

Burns revenged himself by scratching on a win- 
dow pane of a nearby inn the following lines: 


We cam na here to view your warks, 
In hopes to be mair wise, 
But only, lest we gang to Hell, 
It mae be nae surprise; 
But when we tirl’d at your door, 
Your porter dought no bear us, 
See may, should we to Hell’s yetts come, 
Your Billie Satan sair us. 


An employee penned the following reply: 


If you came here to see our Works, 
You should have been more civil 

Than to give a fictitious name, 
In hopes to cheat the Devil. 

Six days a week to you and all, 
We think it very well; 

The other, if you go to church, 
May keep you out of Hell. 


By 1790, in the Encyclopedie Methodique, we find 
Carron oil mentioned by formula and very highly 
recommended. One of the authors of this section, 
M. de La Roche, was an honorary member of the 
Royal Medical Society of Edinburgh (November 
1800). In 1875 this oil was still recommended in 
a London iextbook by T. Holmes, and its use was 
discontinued in the Carron foundries only at the 
beginning of this century by reason of its poor an- 
tiseptic qualities. 

It is most surprising that during all these years 
when surgeons were employing the actual cautery 
they did not relate the findings that applied there 
to accidental burns. Fourcroy,’ in his short lived 
La Médecine Eclairée, in 1792, seems to have been 
about the only one to do so. 


DAVID CLEGHORN 


A layman, David Cleghorn, brewer in the city 
of Edinburgh, had many cases of burns among 
his employees and, not satisfied with the treat- 
ment they were receiving, began to care for them 
himself. His reputation spread not only among 


3Fourcroy was elected Honorary Member of the Royal Medi- 


cal Society of Edinburgh in 1785 
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patients but also with the profession in Edin- 
burgh, who do not seem to have looked upon his 
endeavors with disfavor. Subsequently, he carried 
on a correspondence with John Hunter, which 
was later published in 1792. 

His local applications of vinegar and, in the 
later stages, chalk poultices, were efficacious as is 
shown by his case notes verified by physicians 
(Celsus had used similar remedies). What does 
seem remarkable to us today is his good sense in 
respect of his supportive régime which was con- 
trary to all the prevailing medical antiphlogistic 
precepts. No doubt as an outsider he had a clearer 
view than had, for example, Boerhaave. 

He never gave purgatives as “‘It is distressing 
to a patient with bad sores to be often going to 
stool. Besides I have remarked that weakness and 
languor (which never, in my opinion, has has- 
tened the cure of any sore) are always brought 
on more or less by purgatives. From the effects 
too I have felt them have on myself, observed 
them to have on others, they do not seem to me 
to have so much tendency to remove heat and 
feverishness as is generally imagined, and I sus- 
pect that contrary to the intention of administer- 
ing them, they oftener carry off useful humours 
than hurtful ones.” 

It is unfortunate that this wise counsel was 
scarcely noted by the profession in Edinburgh, 
but they adopted his vinegar and chalk treatment 
which was still being used by some in the 1830’s. 


THE TURN OF THE CENTURY 


A sidelight on a professional viva voce of this 
period is afforded by the interrogation a certain 
Mr. Bell underwent at the hands of Doctors Blane‘ 
and Johnston when he was examined on his quali- 
fications as a surgeon for the Navy. ““Having men- 
tioned scald and burns amongst the accidents 
during our cruise, Doctor Blane said, ‘Pray sir, 
how did you treat them?’ I replied ‘By bathing 
the affected part with oil of Turpentine.’ ‘Oil of 
Turpentine! Good God, Sir! that is a practice I 
must condemn in the severest terms! I think you, 
Doctor Johnston, will agree with me in reprobat- 
ing it.” Doctor Johnston said he had never heard 
of such a remedy before, but asked on what prin- 
ciple or theory I could justify it.” 

In 1799, Sir James Earle published his mono- 
graph On the Immediate Treatment of Burns, which 


‘Gilbert Blane (1749-1834) is considered the father of naval 
medicine. He was President of the Royal Medical Society, Edin- 
burgh, in 1775. 
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recommended again the refrigerant doctrines of 
Avicenna and Rhazes. The application of cold 
to a burned limb has always been popular be- 
cause it allays pain and, if applied immediately, 
it is said to prevent the formation of blisters and 
limit the changes to an area of erythema. Alcohol 
in various forms had occasionally been used for 
this and, indeed, Sydenham wrote that alcohol 
should be forbidden internally and allowed only 
to surgeons to apply as fomentations to heal burns 
and ulcers: He adds the interesting corollary that 
suppuration is less likely with this treatment. Sir 
George Ballingall (1780-1855), when Professor of 
Military Surgery at Edinburgh, in his lectures 
disagreed with Napoleon’s Baron Larrey about 
the use of greasy dressings but advised cold as “‘it 
is, I conceive, a great recommendation to reme- 
dies of this class, that they are so easily com- 
manded in military practice; for here we are fre- 
quently restricted in our choice, and often obliged 
to have recourse, not to those means which may 
be thought best, but to those most available at 
the moment.” 

Edward Kentish (18), a surgeon at Newcastle- 
on-Tyne, had great experience with fire damp 
burns from the local collieries. In 1797, he wrote 
his first Essay on Burns and, in 1800, a second (19). 
That his work was popular is evinced by the num- 
ber of copies in Edinburgh libraries and by the 
fact that a second edition was published in 1817. 

Aside from readvising oil of turpentine (be- 
cause a deep burn resembles gangrene and tur- 
pentine was still the standard drug for this disor- 
der) he sought to justify further his mode of ther- 
apy by a complicated rationale of which the main 
premise was that one must “diminish the increased 
action of the burnt part and increase the general 
action of the system.”’ However, he added such a 
web of obscurities that his reasoning is not clear. 
Authors of the period write of him with the char- 
acteristic respect of “faulty understanding” and 
only John Thompson (1765-1846) in his lectures 
(1813) had the honesty to express what he be- 
lieved. He remarked that Kentish had to modify 
by experience his external applications and his 
internal remedies and he doubted whether he 
had similarly altered his unintelligible theoretic 
opinions. 


CURLING’S ULCER 


The Edinburgh Medical Journal of July 1823 con- 
tained two papers on the postmortem changes 
found in patients who had died of burns. The pa- 











tient of Joseph Swan had an ulcer of the stomach 
and that of William Cumin had gastric congestion. 

A dissertation given by Henry Imlach to the 
Royal Medical Society of Edinburgh in 1835 re- 
fers to perforation of the stomach following burns. 
One of the references which he quotes is the Paris 
M.D. thesis of Tibulle Desbarreaux-Bernard 
(1825). This contains case histories of perforations 
of the stomach following severe operations, worry, 
trepanning, and burns (also a case of spontaneous 
perforation of the esophagus). In the case of a pa- 
tient with extensive burns who died on the twelfth 
day, the perforation was situated at the cardia 
and as the postmortem examination was per- 
formed 40 hours after death, autolytic changes 
cannot be excluded. None of the ulcers described 
in detail were in the region of the first part of the 
duodenum. Nevertheless, Desbarreaux believed 
that ulceration could occur as a sequel to burns. 

In 1832, Dupuytren’s third patient had juxta- 
pyloric ulcers. 

A lecture delivered at University College Hos- 
pital in 1838 by Samuel Cooper gave descrip- 
tions of 3 cases of ulceration following burns. 

Finally, in 1842, Curling published his paper 
as a result of which another eponym became 
firmly established in medical literature. 


CARDED COTTON 


Though originally described in the Baltimore 
Medical and Philosophical Lyceum (6) in 1811, fol- 
lowing the accidental discovery of its properties, 
carded cotton dressings were introduced to Brit- 
ain by A. D. Anderson (1794-1871) in an article 
in the first volume of the Glasgow Medical Fournal 
in 1828. 

This excellently conceived article lays down 
an important principle in the dressing of a burn 
which did much to curb the misdirected habit of 
changing the dressings several times a day. 

“The best application to burns is only to be 
decided by ascertaining what substance gives the 
most perfect protection and comfort at first, and 
can be longest retained on the part, without oc-’ 
casioning irritation or interrupting the proper 
efforts of nature.” 

Cotton was applied in layers, only the outer 
ones being changed if they became soiled and 
wet. A careful clinical observer, Anderson knew 
that in a deep dermal burn the papillae of the 
skin presented a granular appearance. 

Robert Hornby delivered a dissertation to the 
Royal Medical Society in 1833, in which he elab- 
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orated a remark made by J. Thompson, in 1813, 
and said that: “Constitutional symptoms are 
generally rather proportionate to the extent than 
the intensity of the local affection’. He likened 
the shock of burns to acute peritonitis or hemor- 
rhage and, on this account, was against any 
depletory measures such as bleeding and purging 
in severe burns. 


SYME AND THE BURN HOSPITAL 


James Syme (1799-1870) the brilliant surgeon 
who did so much for the Edinburgh School, in 
his lectures says of Anderson’s cotton wool treat- 
ment that “It appears that its good effects are 
most conspicuous when pressure is conjoined 
with it and a bandage ought, therefore, to be 
applied with moderate firmness.’”° 

He was also wise in his remarks concerning 
local applications. He speaks of the opposing 
actions and diversity of drugs used but points out 
“It will be found, however, that there is not so 
much room for doubt and question as may at 
first appear, since it is only what may be called 
the first stage of burns, or that part of their prog- 
ress between infliction and ulceration, that any 
uncertainty exists to the proper mode of treat- 
ment.” This timeless remark is applicable today 
to all deep burns. 

In 1848, Syme drew the attention of the 
Managers of the Royal Infirmary to the defi- 
ciency in surgical accommodation such that pa- 
tients requiring relief had to be turned away. 
Extra accommodation was obtained by using the 
adjoining Fever Hospital (the old Surgeons’ 
Hall) and by erecting a shed in Surgeons’ Square. 
Further, he transferred all the cases of burns to a 
house on the east side of the Square (No. 1) 
(Fig. 5) and this became known as the Burn 
Hospital, and is so marked in the 1852 Ordnance 
Survey Map of the city. 

What led Syme to isolate together cases of 
burns we can only conjecture as the records do 
not help. But the records do tell us that Syme, as 
others, was at the time plagued with septicemia 
and erysipelas in his wards. Perhaps this was 
what led him to establish the first Burn Unit. 


JOSEPH LISTER AND ANTISEPSIS 


The elucidation of the nature and treatment of 
infection on a burned surface was left to Syme’s 
son-in-law, Joseph Lister (1827-1912), who suc- 


5In 1815, Marjolin approved of the use of pressure dressings 
for burns. 
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ceeded him in the Chair of Clinical Surgery at 
Edinburgh in 1869. Two years previously he had 
introduced the antiseptic principles. As to when 
he first applied the method to a burn we do not 
know, but a paper published by him in the 
Lancet in 1875, advised boric lint and carbolic. 
That the use of carbolic was in general use long 
before this is obvious, since Holmes’s textbook of 
that year contains the following remark: “The 
carbolised oil answers every indication better 
than any other substance which I know of, but 
it should not be used too strong; for it may prove 
too stimulating, and thus increase the discharge, 
and it may be absorbed producing a black con- 
dition of the urine and other symptoms of in- 
cipient poisoning” (phenol intoxication). 

To Lister we owe the possibilities of modern 
burn therapy. We now use aseptic principles re- 
inforced with penicillin, the discovery of Sir 
Alexander Fleming. 

During more recent times Edinburgh has seen 
in cases of severe burns the lasting benefits accru- 
ing from controlled fluid replacement with 
saline, dextrose, plasma, dextran, and whole 
blood. While these methods to counteract shock 
were being developed, a cavalcade of local meas- 
ures were tried and discarded for various 
reasons. 

Picric acid was followed by a series of escha- 
rotics—tannic acid (tea and ink, which both con- 
tain tannin, have long been household remedies), 
tannic acid and silver nitrate, gentian violet, 
and, finally, triple dye. During the last war the 
so-called ‘“‘pressure dressings’ (a variant of 
corded cotton dressings) and sodium hypochlo- 
rite irrigations with impermeable Stannard en- 
velopes were employed. 

In 1947, A. B. Wallace cleaned a petrol burn 
of the face and exposed the surface to the at- 
mosphere, insufflating the area with penicillin 
powder and giving penicillin systemically. In 2 
days a natural serum eschar formed which 
peeled off in 10 days to reveal a healed surface 
which showed the usual slight temporary ery- 
thema. 

This was the genesis of the exposure method in 
Edinburgh which soon came to be applied to 
burns of the buttocks and perineum and, eventu- 
ally, to most burns. 

This mode of therapy is not essentially new. 
Copeland of Eufaula, Alabama, reported 2 cases 
in 1887 but these were only ‘“‘exposed”’ as a late 
measure. Other workers in the United States 
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Fic. 5. Entrance to No. 1 Surgeons’ Square which, in 
1848, became the Burn Hospital of Edinburgh. This 
building and the adjoining old Surgeons’ Hall are quaint 
relics of the beautiful old square which is now the site of 
the University Cyclotron. (Reproduced by kind permis- 
sion of the Scotsman Publications Ltd., Edinburgh.) 


subsequently exposed burns and used “‘dry heat.”’ 
The use of heat is to be deprecated since it 
favors bacterial growth. 

The drying effect of exposure combats bacte- 
rial multiplication so effectively that local or sys- 
temic antibiotics are probably not essential—all 
that is necessary are exposure and immobiliza- 
tion—though, nevertheless, antibiotics are given 
as a routine. 

It is thus ironic to reflect that since the dis- 
covery of fire man has had at his disposal a 
natural remedy to control infection and to treat 
burns, but he had been too occupied in trying to 
assist nature. The preoccupation of man had 
been how to stop pain, and to that end he ap- 
plied medicaments which varied from the pi- 
geon’s dung of Paulus Aegineta to the use of fire 
itself. Gradually, after the introduction of the 
hypodermic syringe, anesthetics, and improved 
opiates, the surgeon was able to develop tech- 
niques directed to healing the burn and not 
to immediate relief of pain by local measures. 
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Reviews of New Books 


TWENTY BRITISH AUTHORITIES have contributed a total 
of 30 selected topics in the symposium, Progress in 
Clinical Surgery.! The book is designed to function as a 
supplement to standard surgical texts in order that 
postgraduate students and junior surgeons, particu- 
larly, may have up-to-date knowledge of fields in 
which recent significant advances have taken place. 

The chapters are, on the whole, short and readable 
but one gets the feeling in many of the sections that 
brevity has robbed the book of its chance to make a 
truly significant contribution. Fluid replacement, for 
example, is specifically dealt with in 6 pages and fur- 
ther reading would most certainly be necessary to 
round out the house surgeon’s knowledge of this topic. 
It is true that this subject arises in other sections in 
the book as well; but in one of these, at least, confusion 
rather than clarification results when, after a plea for 
the adoption of the milliequivalent per liter method 
of representing electrolyte solutions, replacement is 
discussed in terms of pints. 

The chapters dealing with the gastrointestinal tract 
consist of up-to-date summaries by recognized author- 
ities with sufficient candid comment based upon wide 
personal experience to make their presentation well 
worthwhile. On occasion, however, one gets the im- 
pression that certain topics that are well covered in 
most standard texts could advantageously be present- 
ed more briefly to make room for a more detailed con- 
sideration of subjects in which significant recent ad- 
vances have been made. Also, many of the chapters 
carry no bibliography to guide one to a more detailed 
consideration of these advances. 

The sections on peripheral vascular surgery and on 
the infected hand prove a refreshing approach to these 
fields well worth study while those on the breast and 
thyroid are complete and authoritative. Other sub- 
jects too numerous to comment upon are presented 
and include selected topics from cardiac, pulmonary, 
neurologic, and urologic surgery. 

The real heart of the book and its true value and 
appeal lies in the fact that it is not merely a collective 
review of recent surgical advances but a readable per- 
sonal account of British surgical practice as it has been 
molded and modified by the impact of recently gained 
surgical knowledge. —R. A. Macbeth. 


QUEEN MARY’s HOSPITAL, Roehampton, enjoys a wide 
reputation as a center at which a special study has 
been made in the problems associated with amputa- 
tions and the fitting of suitable prostheses. 

It is fitting, therefore, that from such a center 
should come the accumulated experience of this work. 
In the book Amputations? Gillis has given us a full 
survey of all aspects of this important subject. 

1PRoGRESS IN CLINICAL SuRGERY. By Various Authors. Edited 
by Rodney Smith, M.S., F.R.C.S. 414 pages, 29 illustrations. 
$7.50. Boston and Toronto: Little, Brown & Co., 1954. 

*Amputations. By Leon Gillis, M.B.E., M.B., B.Ch. (Witw.), 
M.Ch. Orth. (Liverp.), D.L.O. (Lond.), F.R.C.S. (Eng.), 
F.R.C.S.(Edin.), Hon. F.I.C.S.(Geneva). 423 pages, 342 illus- 
trations. $12.75. New York: Grune & Stratton, 1954. 


The clearly illustrated details of amputation tech- 
nique reveal no striking departures from what is com- 
mon practice, but the value of the book lies in its 
detailed consideration of the exact indications for 
ablation of the whole or part of a limb. Especially 
good is the chapter ““The Management of Short 
Limbs and Amputations in Children.” 

Gillis quite rightly condemns guillotine amputation 
as an unnecessary procedure, except in most unusual 
circumstances, and the Roehampton experience leads 
him to advocate the Syme amputation in suitable 
cases. This should do much to settle the argument 
which has raged for years, for it represents the consid- 
ered view of a surgeon working in close collaboration 
with his limb fitters. 

The book is profusely illustrated, though the inclu- 
sion of photographs of actual cases would have en- 
hanced the value of the section on operative tech- 
nique. To each chapter is added a bibliography so 
exhaustive as to be repetitive. 

A further volume on artificial limbs is yet to be pub- 
lished, and this will complete a valuable work of refer- 
ence which should be widely welcomed. 

—RHarold Bolton. 


In 1924 Warren Stone BickHaM completed a mas- 
sive compendium of surgical techniques in 6 volumes 
entitled Operative Surgery, which were described as 
“‘covering the operative technic involved in the opera- 
tions of general and special surgery.” A seventh vol- 
ume, with Calvin Smyth as a co-author, appeared in 
1933 as a supplement designed to bring the previous 
volumes up to date. After Bickham’s death, C. Lati- 
mer Callander began the task of revising the entire set, 
an undertaking which was not completed at the time 
of his death in 1947. Subsequently, Richard T. Shack- 
elford reworked that part of the original text and of 
Callander’s material which was concerned with the 
digestive tract, adding much of his own. The result is 
Shackelford’s Bickham-Callander Surgery of the Alimentary 
Tract® of today. 

These 3 volumes provide virtually complete cover- 
age of operative procedures on the alimentary tract, 
from the esophagus to the anus, on the biliary tract, 
pancreas and spleen, and on hernia involving parts of 
the gastrointestinal tract. Although the new volumes 
originate genealogically from Bickham’s work, a com- 
parison between the old and the present volumes re- 
veals that the latter are really new, and calls attention 
to the great changes which have occurred in surgery 
of the alimentary tract during the last 30 years. 

Bickham in the original volumes wrote almost ex- 
clusively of operative technique, with associated pre- 
operative and postoperative care, assuming that the 
reader had enough knowledge of the disease for which 


3BicKHAM-CALLANDER SURGERY OF THE ALIMENTARY TRACT. 
By Richard T. Shackelford, M.D. Assisted by Hammond J. Dug- 
an, M.D. Vols. I, II, and III. 2575 pages, 1705 illustrations. 
$60.00 per set. Philadelphia and London: W. B. Saunders Co., 
1955. 
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he was operating and of indications for and results of 
surgical treatment that he could select the appropriate 
operation properly. In the present volumes the em- 
phasis is also strongly upon operative technique, but 
Shackelford has added comments concerning indica- 
tions for various operations, choices between different 
procedures and results, an addition which adds greatly 
to the usefulness of the books. Yet, as is the case with 
any textbook which presents exhaustive coverage of 
possible operative procedures, rather than the views 
of individuals or of an institution concerning the best 
surgical treatment for specific diseases, the reader 
must be assumed to have adequate basic knowledge 
of surgery to be able to use the books wisely. 

To illustrate the many newer operative procedures 
the author has made careful selections of diagrams 
and drawings from the literature, often taken from 
the writings of the surgeon who described the particu- 
lar procedure. The author and publisher are to be 
congratulated on the excellence and completeness of 
the illustrations. 

These volumes will be of great use to the general 
surgeon and deserve a place on his bookshelf. 

—George A. Hallenbeck. 


THE BEAUTIFULLY ILLUSTRATED MONOGRAPH, Erlebtes 
aus der Thoraxchirurgie,‘ is not only a concise history of 
the development of thoracic surgery but a source-book 
of the advances that have culminated in the dramatic 
achievements of present day thoracic surgery. 

In the 20 page introduction the author sketches the 
various steps and technical advances that began with 
the introduction of underwater drainage in the treat- 
ment of empyema by Buelau in 1875. There follow 
the story of the negative pressure chamber of Sauer- 
bruch, the report of the introduction by Meltzer and 
Auer of endotracheal anesthesia by positive pressure, 
and a rather detailed account of the wide range of 
operative procedures involving the lung, esophagus, 
the great vessels, and the heart that followed, at first 
slowly and with rapidly increasing tempo in the past 
10 years. 

The second part of the monograph consists of 40 
pages, each carrying a photostatic copy of the first 
page of some epoch-making contribution and most of 
them accompanied by a photograph of the contribu- 
tor, with a brief biographic note and statement of his 
academic position and appointments. 

This very admirable collection brings together in a 
single monograph not only the titles and sources of 
the important contributions cited, but brings the 
reader face to face with the individuals—from Bue- 
lau, Sauerbruch, von Mikulicz, and Heidenhain to the 
present day generation of British, Swiss, German, 
American, Italian, and Scandinavian surgeons—who 
have brought thoracic surgery to the stage of develop- 
ment it has reached today. —Sumuner L. Koch. 


AN EXCELLENT BOOK, Bone and Joint X-Ray Diagnosis® 
by Max Ritvo is well worth a place in the library of 


4ERLEBTES AUS DER THORAXCHIRURGIE. By Prof. Dr. Rudolf 
Nissen. 66 pages, 99 illustrations, DM 14.40 $3.40. Stuttgart: 
Georg Thieme Verlag, 1955. 

5BoNE AND Joint X-Ray Diacnosis. By Max Ritvo, M.D. 752 
pages, 568 illustrations. $20.00. Philadelphia: Lea & Febiger, 
2955. 


every physician dealing with diseases of the bones and 
joints. The illustrations are excellent, well selected, 
and well reproduced. The printing is of the highest 
quality, and the form and make-up of the book are 
attractive. 

In the more common lesions the author has refrain- 
ed from lengthy clinical discussions but in the lesions 
less frequently encountered the clinical aspects are 
given free discussion for the sake of completeness and 
to obviate the need of referring to other material 
which may be widely scattered in the literature and 
not easily available to many readers. Emphasis is 
placed on the discussion of the criteria on which the 
roentgen diagnosis is based, and therefore in a detailed 
description of the roentgen findings. The style is 
pleasing and the text easily read. 

There are some things which might be considered 
less favorably. The illustrations are on the whole 
rather small. Better detail could often be displayed in 
larger illustrations. Perhaps quite wisely, the author 
has refrained from any attempt to include the field of 
contrast studies in the skull. In fact, rather less than 
the expected material is afforded on myelography and 
arteriography. The work merits much praise. 

— James T. Case. 


THE SECOND EDITION of Philip Wiles’ book on the Es- 
sentials of Orthopaedics® has been completely revised and 
has had some 50 pages added because of the increased 
knowledge in the field over the past 5 years and the 
author’s changing views. Philip Wiles, an outstanding 
English orthopedic surgeon, is a former Hunterian 
Professor, Royal College of Surgeons of England and 
is now Senior Orthopaedic Surgeon, The Middlesex 
Hospital, London, and King Edward Memorial Hos- 
pital, Ealing. He is most eminently qualified to write 
on his chosen work. 

The personal approach to the elements of his sub- 
ject expressed in concise, intelligible language makes 
for pleasant reading. The undergraduate and general 
practitioner to whom the book is directed will have 
no difficulty in understanding Wiles. Had he included 
detailed references to the papers from which he has 
chosen so wisely, the volume would have been of in- 
estimably more value to the graduate student and sur- 
geon. The general format remains the same. An excel- 
lent opening chapter on postural defects and static 
deformities is followed by one on back pain and 
another on the spine. Following this material regional 
subjects are added, then infections, arthritis, tumors, 
and finally congenital defects of bone and diseases of 
the nervous system. There is no chapter on the prin- 
ciples of fracture care or wound healing. Many excel- 
lent illustrations and roentgenograms have been add- 
ed and others greatly improved. 

The new edition should prove more popular than 
the first. There is no better textbook in the field of 
orthopedic surgery. —Cyril H. Hauser. 


THE VOLUME by Jean Patel’ of 385 pages with 99 fig- 
ures and illustrations on the subject of surgery of the 
6EssENTIALS OF ORTHOPAEDICS. By Philip Wiles, M.S.(Lond.), 
F.R.C.S.(Eng.), F.A.C.S. 2nd ed. 538 pages, 393 illustrations, 
and 7 color plates. $10.00 Boston: Little, Brown & Co., 1955. 
7CHIRURGIE DE LA RATE. By Jean Patel. 388 pages, 99 illus- 
trations. 2,800 fr. Paris: Masson & Co., 1955. 
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spleen is one of the first of a series of monographs on 
surgical problems published under the direction of 
Professor Henri Mondor. 

The author is professor of Surgery in the Faculty 
of Medicine, University of Paris. 

The book is divided into two sections. In the first 
section the author presents an extensive discussion of 
the various operative techniques of splenectomy. 
Much attention has been given to technical details in 
relation to local anatomic conditions such as small or 
large spleen and adhesions. Doctor Patel contributes 
his personal experience in the postoperative care of 
splenectomized patients, particularly in regard to the 
advantages of artificial hibernation in the manage- 
ment of the exceptional stormy postoperative course. 
The technical problems of shunt operations are treat- 
ed in a separate chapter. 

In the second section the various pathologic condi- 
tions involving the spleen that are amenable to sur- 
gery are discussed. ‘Traumatic lesions of the spleen, 
the syndrome of portal hypertension, and benign and 
malignant tumors of the spleen are treated in separate 
chapters as well as primary and secondary hyper- 
splenism and infectious splenopathies (tuberculosis, 
malaria). The author also discusses certain conditions 
that are only found at surgery such as mobile ectopic 
spleen and aneurysms of the splenic artery. A final 
mention is made of the conditions in which the sur- 
geon should not intervene. 

Abundant case histories illustrate the text which is 
written in a very personal and pleasant style. 

—R. B. Menguy. 


THE SECOND EDITION of Morrison’s Diseases of the Ear, 
Nose and Throat,’ prepared primarily for undergraduate 
medical students and general practitioners, seems to 
be adequate and well suited in most respects for the 
intended purpose. 

The discussion of the physiology of the nose and of 
the vestibular labyrinth, in the reviewer’s opinion, is 
inadequate and in contrast to the excellence of that 
of the physiology of hearing. The use and value of 
tracheotomy in the treatment of bulbar poliomyelitis is 
limited to one line; however, the technique of trache- 
otomy is well described. The book is illustrated by pen 
sketches all done by the author. The illustrations are 
numerous and adequate in most instances but more 
clarity might have been obtained with wash drawings, 
especially in depicting certain anatomic details. The 
bibliography at the end of each chapter could have 
been brought more completely up to date. 

On the whole the book is satisfactory, fairly com- 
plete, and presents a vast amount of information upon 
which the reader can rely. —Howard C. Ballenger. 


THe AUTHOR PRESENTS brief case reports of 347 wom- 
en with pulmonary tuberculosis, who went through 
531 pregnancies in the volume entitled Ueber den 
Einfluss der Schwangerschaft auf die Lungentuberkulose.® In 


8DisEASES OF THE EAR, Nose AND THROAT. By William Wallace 
Morrison, M.D. 2nd ed. Foreword by Arthur W. Proetz. 756 
pages, 359 illustrations. $10.00. New York: Appleton-Century- 
Crofts, Inc., 1955. 

SUEBER DEN EINFLUSS DER SCHWANGERSCHAFT AUF DIE 
LUNGENTUBERKULOSE. By Dr. med. Klaus Obmann. 143 pages, 
216 illustrations. DM 25. Leipzig: Veb Georg Thieme, 1955. 


this series, 364 pregnancies went to term, 28 ter- 
minated as spontaneous abortions, and in 36 cases a 
therapeutic abortion was done. Among the women 
who had the 364 full term pregnancies, the tubercu- 
losis was improved in 2.2 per cent, it was aggravated 
in 19.5 per cent, and it remained about the same in 
78.3 per cent. Six women (1.6 per cent) died. 

A limited experience in 63 patients showed that 
nursing had a favorable rather than an unfavorable 
effect upon those with pulmonary tuberculosis. 
Whereas in general the author is opposed to interrup- 
tion of pregnancy for pulmonary tuberculosis, he is 
not completely against it. He is hopeful that chemo- 
therapy will bring about great improvement in the 
next few years and eliminate all discussion about 
whether or not pregnancy should be interrupted for 
pulmonary tuberculosis. 

The book is well written, the illustrations are 
abundant, and the case reports are compact. The 
literature is reviewed and there is a well selected list 
of references at the end of the book. Specialists in 
tuberculosis, internists, and obstetricians will find 
valuable information in this book.—7. P. Greenhill. 


THE BOOK entitled Surgical Physiology of the Adrenal 
Cortex" is concerned with the clinical physiology of the 
adrenal cortex in surgery and the use of AcTH and 
cortisone in some medical diseases as well. Despite the 
small size of this book the author has succeeded in 
summarizing these fields in an interesting way. It will 
be of interest to all clinicians seeking orientation in 
human adrenal cortical function and dysfunction, 
especially in surgical states. 

The strength of the book lies in the very broad 
knowledge of the literature possessed by the author. 
The evaluation of the work of others is judicious and 
admirable. 

About one-third of the book is concerned with the 
urinary excretion of steroids in the pathologic states 
of humans. Unfortunately the precise determination 
of adrenal cortical steroids in the urine is still in a 
primitive stage. The value of the highly refined use of 
crude methods is always doubtful. 

—Charles Huggins. 


THE SMALL Radiographic Atlas of Skeletal Development of 
the Knee! continues the work begun by the late W. 
Wingate Todd, former Professor of Anatomy of West- 
ern Reserve University and Director of the Brush 
Foundation. In 1937 he published Afélas of Skeletal 
Maturation (Hand) in which the normal roentgeno- 
graphic anatomy of the hand and wrist was illustrated 
for all ages from birth to adult life. The book was 
found by roentgenologists and pediatricians to be use- 
ful in determining whether or not the skeletal matura- 
tion of a particular child was delayed or advanced for 
his age. This information was valuable in the diag- 
nosis and treatment of disorders of nutrition and of 
the endocrine glands. 


10SURGICAL PHysIOLOGY OF THE ADRENAL Cortex. By James 
D. Hardy, M.S.(Chem.), M.D., F.A.C.S. 191 pages, 34 illustra- 
tions. $5.75. Springfield, Ill.: Charles C Thomas, 1955. 

1NRADIOGRAPHIC ATLAS OF SKELETAL DEVELOPMENT OF THE 
Knee. A Standard of Reference. By S. Idell Pyle, Ph.D., and 
Normand L. Hoerr, Ph.D., M.D. 82 pages, 29 plates. $4.25. 
Springfield, Ill.: Charles C Thomas, 1955. 











The present volume illustrates the skeletal matura- 
tion of the bones of the knee. The first 32 pages discuss 
the reasons for and the methods of selection of the 
particular radiographs which are used as illustrations 
of normal development. Anatomic and radiographic 
terms are discussed and their differences defined. The 
normal development of the knee is outlined by means 
of certain features which appear on roentgenograms 
at certain ages and which are called by the authors 
‘“‘maturity indicators.” The reliability of these ma- 
turity indicators is discussed, as is the range of de- 
velopment in healthy children. 


BOOKS RECEIVED 


Books received are acknowledged in this department, 

and such acknowledgment must be regarded as a suffi- 

cient return for the courtesy of the sender. Selections 
will be made for review in the interests of our readers 
and as space permits. 

PROCTOLOGIA PRACTICA. By Dr. Manuel A. Casal. 156 
pages, 39 illustrations. Buenos Aires, 1955. 

‘THE BACK AND Its Disk SyNpDROMEsS; INCLUDING INJUR- 
1Es, DisEASESs, DEFORMITIES AND DIsaBILitTiEs. With 
Notes on the Pelvis and Coccyx. By Philip Lewin, 
M.D., F.A.C.S., F.1.C.S. Line drawings by Harold 
Laufman, M.D. 2nd ed., thoroughly revised. 942 
pages, 371 illustrations and 4 color plates. Philadel- 
phia: Lea & Febiger, 1955. 

CANCER AND Common SENsE. By George Crile, Jr., M.D. 
118 pages. $2.75. New York: The Viking Press, 1955. 

OPERATIVE TECHNIC IN GENERAL SurRGERY. Edited by 
Warren H. Cole, M.D., F.A.C.S. With 67 Contribut- 
ing Authors. 2nd ed. Introduction by Frank H. La- 
hey. 973 pages, 1247 illustrations. $20.00. New York: 
Appleton-Century-Crofts, Inc., 1955. 

SURGERY OF THE SYMPATHETIC. By Alexander Lee 
McGregor, F.R.C.S.(Eng.), M.Ch.(Edin.). 192 pages, 
101 illustrations. $7.00. Baltimore: The Williams and 
Wilkins Co.; Bristol: John Wright & Sons Ltd., 1955. 

CHLORPROMAZINE AND MENTAL HEALTH. Proceedings of 
the Symposium Held Under the Auspices of Smith, 
Kline & French Laboratories, June 6, 1955, Warwick 
Hotel, Philadelphia, Pennsylvania. 200 pages, 14 illus- 
trations. $3.00. Philadelphia: Lea & Febiger, 1955. 

KLINISCHE ELEKTROKARDIOGRAPHIE. By Dr. Max Holz- 
mann. 3rd rev. ed. 687 pages, 303 illustrations. DM 80. 
$19.05. Stuttgart: Georg Thieme Verlag, 1955. 

CHIRURGIE DE LA VESSIE. By Roger Couvelaire. 260 pages, 
104 illustrations. 2.450 fr. Paris: Masson & Co., 1955. 

CHIRURGIE ESTHETIQUE MAMMAIRE. By Marcel Galtier. 
216 pages, 97 illustrations. 3.000 fr. Paris: G. Doin & 
Co., 1955. 

SurcicaL TECHNIGRAMS. By F. M. Al Akl, M.D. 346 
pages, illustrated. $12.00. New York, Toronto, London: 
McGraw-Hill Book Co., Inc., 1954. 

THe Revier oF Symptoms. By Walter Modell, M.D., 
F.A.C.P. 450 pages, 5 illustrations. $8.00. Philadelphia 
and London: W. B. Saunders Co., 1955. 

FUNDAMENTAL CONSIDERATIONS IN ANESTHESIA. By 


Charles L. Burstein, M.D. 2nd ed. 219 pages, 84 illus- 
trations. $5.50. New York: The Macmillan Co., 1955. 
Brain MECHANISMS IN D1AcHROME. By Wendell J. S. 
Krieg, B.S. in Med., Ph.D. 188 pages, 55 black and 
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The last 50 pages consist of 29 plates illustrating 
knees from birth to adult life. Each plate shows a 
frontal and a lateral view of a knee and is accom- 
panied by a discussion of the maturity indicators and 
developmental features for the age illustrated. The 
difference between the skeletal age for the two sexes is 
shown in the page heading. : 

The book is well printed and the half-tones are ex- 
cellent. It will be useful as a ready reference for 
radiologists and pediatricians and will supplement 
the former work on the hand and wrist published by 
the group at the Brush Foundation. —C. Allen Good. 


white illustrations, 6 color illustrations. $7.00. (The 
book is distributed only on direct prepaid order to 
Brain Books.) Evanston, IIll.: Brain Books, 1955. 

ANNUAL REPORT ON THE RESULTS OF TREATMENT IN Car- 
CINOMA OF THE UTERUus. 10th vol. Statements of Re- 
sults Obtained in 1948 and Previous Years (Collated 
in 1954). Sponsored by American Cancer Society, 
British Empire Cancer Campaign, Cancerforeningen, 
Stockholm, Damon Runyon Memorial Fund, New 
York, Landsforeningen mot Kreft, Oslo, National Can- 
cer Institute of Canada, Guvre National Belge de 
Lutte contre le Cancer. Editorial Committee: Dr. J. 
Heyman, Editor, Stockholm, Dr. M. Donaldson, Lon- 
don, Dr. Joe V. Meigs, Boston, Phil. Dr. C.-O Seger- 
dahl, Stockholm. 345 pages, illustrated. Editorial of- 
fice, Stockholm 60, Sweden. 

ARCHIVIO ED ATTI DELLA SOCIETA ITALIANA DI CHIRURGIA. 
Pubblicati dal comitato direttivo e redatti a cura del 
segretario. Dott. Giuseppe Bendandi. Cinquantasette- 


simo congresso tenuto a Roma nei giorni 3, 4, 5,e6 © 


ottobre 1955. Vol. I. 543 pages, 13 illustrations. Roma: 
Edizioni mediche e scientifiche, 1955. 

PeRTussis IN INFANCY A8 A CAusE OF BEHAVIOUR Disor- 
DERS IN CHILDREN. By Anna-Lisa Annell. (Also pub- 
lished as Supplement 1 to Acta Societatis Medicorum 
Upeaiensia) Translated from the Swedish by Erica 
Odelberg. 222 pages. Uppsala: Almquist & Wiksells, 
1955. 


PERIPHERAL VASCULAR DisgEase. By A. J. Barnett, M.D., 
M.R.C.P.(Lond.), M.R.A.C.P., and J. R. E. Fraser, 
M.D., M.R.A.C.P. 219 pages, 31 illustrations, 39 
plates, $9.50. Australia: Melbourne University Press; 
New York: Cambridge University Press, 1955. 

SuBacuTE BacTERIAL Enpocarpitis. By Andrew Kerr, 
Jr., M.D. 343 pages, 7 illustrations. $6.50. Springfield, 
Ill.: Charles C Thomas, 1955. 

IL CARCINOMA INTRADUTTALE EPIDERMOTROPO DELLA 
MAMMELLA (cosiddetto morbo di Paget). By Umberto 
Veronesi, Gian Carlo Rabotti, and Carlo Sirtori. 141 
pages, 80 illustrations. Milano: Casa Editrice Ambro- 
siana, 1955. 

HyporHeErmic ANESTHESIA. By Robert W. Virtue, M.D.. 
Ph.D. 62 pages, 2 illustrations. $2.50. Springfield, Ill.: 
Charles C Thomas, 1955. 

AMERICAN INSTITUTE OF ULTRASONICS IN MEDICINE. Pro- 
ceedings of the Fourth Annual Conference on Ultra- 
sonic Therapy. Detroit, Michigan, August 27, 1955. 
136 pages, illustrated. Published and distributed by 
The Birtcher Medical Foundation, Los Angeles, Cali- 
fornia, a non-profit corporation. 
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